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‘ PU RPOSE
~ The first public review of the U.S.DOE/Industry co-funded Brogram 10 demonstrate
the oommarqa! readiness of Clean Coal Technologues {CCT) o

'osaecnves | ' |
Provide electric utilities, :ndependent power producers, and potential forelgn users
information on the DOE-supportad CCT projects including status resuts, and |
technology performance potential;

To further understanding of the insfitutional, financial, and techmcal oonsnderailons
in applying CCTs to Clean Air Act oomplsanoa strategies;

To discuss the expornt market, financial and institutional assistance, and the roles of
govemment and industry in pursuing exports of CCTs; and ‘ :

To fadilitate meetings between domestic and international attendeesto maxmza
exporn opportunities. .

DATE:
- September 22-24, 1992

LOCATION:

Sheraton Cleveland City Centre Hotel
- 777 St. Clair Avenue

Cleveland, Ohio 44114

(21 6) 771-7600 or (800) 321-1090

TARGETED AUDIENCE
‘The intended audience are technical and policy planning representatives (both
domestic and foreign) for the following: technology users, utilities and independent
power producers, vendors, equipment manufacturers, state and federal legislative
~and reguiatory bodies, environmental organizations, etc.

FOR MAT
' - The format for the meeting will be the following: an open plenary session followed
. by reguiatory, utility and export panel sessions. The remainder of the meeting will
- be comprised of technical paper presentations by the CCT Program project spon-
8Os,
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BIOGRAPHIES OF
KEYNOTE SPEAKERS

James G. Randolph

Mr. Randolph was nominated by the President on November 1, 1991, to be Assistant Secretary of Energy
for Fossil Energy, U.S. Department of Energy (DOE). He was confirmed by the U.S. Senate on November
13, 1991, and sworn into office on November 25, 1991. The Assistant Secretary for Fossil Energy provides
the leadershipand managementdirection for DOE’s fossil energy programs to meet National Energy Strategy
objectives. These include the Clean Coal Technology Program, Strategic Petroleum Reserves, Naval
petroleum Reserves and an extensive national research and development effort to develop and demonstrate
coal, shale, oil and natural gas technologies.

Jack S. Siegel

Jack S. Siegel was named Deputy Assistant Secretary for Coal Technology, Office of Fossil Energy, U.S.
Department of Energy (DOE})in June 1986. Inthis position he is responsible for managing the $5 billion dollar
industry/DOE clean coaltechnology demonstration program and DOE's research and development on awide
variety of coal-based precombustion, combustion, post-combustion and conversion technologies to enable
coal to be used more economically, more efficiently and more cleanly. Mr. Siegel is also the Chairman ofthe
International Energy Agency's Working Party on Fossil Fuels which is responsible for the conduct of research
and the development of policy options for the member countries of the International Energy Agency.
Previously, Mr. Siegel served as Deputy Director for Coal Utilization, Advanced Conversion and Gasification,
Office of Fossil Energy. He was responsible for guiding the research and development in emerging coal
technolagies in the areas of fluidized bed combustion, coal preparation, gas cleanup, coal gasification, fuel
cells, heat engines and magnetohydrodynamics.

Donald E. Jakeway

Mr. Jakeway, Director of the Ohio Department of Development, holds one ofthe most critical positions in state
government—devising a new economic development strategy to insure Ohio’s competitiveness in national
and international marketplaces. Development Director Jakeway is responsible for promoting and planning
programs to assure economic growth; create and retain Ohio jobs; and provide technical assistance to
various other state departments, local governments and public-private organizations. The Director is also
responsible for programs that assist existing Ohio businesses remain competitive in the global market,
including expansion of export opportunities and development of new markets world-wide for Ohio firms. He
also encourages expansion of minority business enterprises.

Craig A. Glazer

On February 20, 1991, Governar George V. Voinovich appointed Mr. Glazer as Chairman of the Public
Utilities Commission of Ohio commencing on April 11, 1991. Mr. Glazer presently serves as a member of
the Executive Committee of the Great Lakes Conference of Utility Commissioners and is a member of the
Energy Conservation Committee of the National Association of Regulatory Utility Commissioners. Mr. Glazer
has practiced extensively before state and federal regulatoty agencies including FERC, FCC and Judge
Greene in the AT&T post-divestiture review and was responsible for some of the major precedents in Ohio
public utility law including Public Utilities Fortnightly's "Case of the Year”.
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Biographies of Keynote Speakers (continued)}

Girard F. Anderson

Mr. Anderson was elected president and chief operating officer of Tampa Electricin July, 1987. He took office
November 1. In October, 1987, TECO Energy, Inc.’s board of directors named Mr. Andersonto the additional
post of executive vice president—Ultility Operations of TECO Energy, inc. In 1980, Mr. Anderson was elected
vice president of production opsrations and maintenance before being promoted to senior vice president of
power distribution in April, 1985. In that position, he had responsibility for Customer services, system
engineering, and transmission and distribution operations.

Gary L. Neale

In addition to being the President and Chief Operating Officer of the Northern Indiana Public Service
Company, Mr. Neale serves on the Board of Directors of the American Gas Association, as well as their
Government Relations Committee. He is also on the boards of the Indiana Gas Association, the Indiana
Electric Association, and the Indiana Chamber of Commerce. He has been appointed by the governor of
Indiana to the Economic Development Council, to the Energy Policy Forum, and to the Clean Air Advisory
Committee. He is a member ofthe Ecoenomic Club of Chicago. Heis also on the boards of directors of Modine
Manufacturing Company, Racine, Wisconsin; Gainer Bank, Merrillville, Indiana; and the Northwest Indiana
Symphony Orchestra.

Thomas Altmeyer

Thomas Altmeyer is Senior Vice President for Government Affairs with the National Coal Association.
Tom works on alil issues impacting the production, transportation and use of coal on a daily basis. Previ-
ously he was Vice President for Government Affairs with the Mining and Reclamation Council of America,
as well as Counsel to the U.S. Senate Labor and Human Resources Committee, and Principal Energy
Counsel to former Senator Jennings Randolph from West Virginia.

Robert D. Brenner

Robert Brenner plays a key role in the development and review of air regulations and policies, especially
those relating to implementation of the Clean Air Act. In addition, he serves on the Agency’s Steering
Committee, which manages the development of all EPA regulations. He was also staff director of the
Agency'’s effort to reauthorize the Clean Air Act and was senior policy analyst on electric utility issues.
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KEYNOTE ADDRESS

JAMES G. RANDOLPH
ASSISTANT SECRETARY FOR FOSSIL ENERGY
U.S. DEPARTMENT OF ENERGY

FIRST ANNUAL
CLEAN COAL TECHNOLOGY CONFERENCE
CLEVELAND, OHIO
SEPTEMBER 22.24, 1992

I would like to welcome everyone to this exciting event. This conference marks the transition
of the Clean Coal Technology (CCT) Program from a concept, surrounded by skepticism that
Government and industry could work together, to a successful partnership that is addressing some
of the Nation's most significant energy and environmental issues. Projects now underway
through joint sponsorship are producing data that will:

*  demonstrate that coal can be used for energy while meeting even the most stringent
of environmental requirements and

»  establish the feasibility of a number of power production and/or pollution control
options that can be used by utilities to produce power more efficiently while meeting
the requirements of load growth and the demands of the environment.

The Program was initiated more than 5 years ago in an attempt to resolve a transboundary
pollution problem and to develop low cost alternatives to conventional scrubbers in anticipation
of acid rain legislation. That very focused objective is clearly being met. At this conference you
have heard, and will continue to hear today, about technologies like in-duct sorbent injection,
limestone injection multi-stage burners, LIFAC, Confined Zone Dispersion and other low capital
cost, moderate SO, removal efficiency technologies which address this objective.
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The Program subsequently has grown to include a number of additional objectives. These
include:

+ advanced options for the control of NO,. These options such as low NO, burners,
selective catalytic reduction processes, combined SO,/NO, removal systems, etc.,
recognize and seek to reduce the impact of NO, in ozone depletion, acid rain,
visibility impairment and global climate change,

»  niche markets important to the coal industry. Examples of such projects include coal
upgrading processes, direct steel making, cement kiln cleanup techniques, etc., and,

»  perhaps, most importantly, the CCT program addresses the clean and efficient
production of electric power, the mainstay of the coal industry. Today, 55% of
electricity is coal-based and 85% of the coal produced is for utilities. The National
Energy Strategy states that between 1990 and 2000 power generation growth will be
fueled primarily by natural gas, up from 12% of market today to 20% in 2000.
After 2000, however, natural gas prices will rise relative to coal and utilities will
need more baseload capacity. Thus, coal’s utility market share, which is projected
to decline to 49% 1n 2000 is expected to rebound to rebound to 56% in 2010.

As a result, new ways of using coal to address today’s perceptions and
environmental concerns are required. The CCT program is addressing these concerns
by demonstrating technologies like circulating fluidized-bed combustion - both
atrnospheric and pressurized - pressurized fluidized-bed combustion, advanced
integrated gasification combined cycle, and control technologies for ultra-high
efficiency removal of SO,, and NO,. In addition, with the opportunities of Round
5, and the promise that additional power generation concepts are nearing graduation
from our R&D programs, even more efficient and cieaner coal-based options are on
the horizon.

The CCT Program now contains 41 projects in 22 States, that will utilize the full range of U.S.
coal. Ten major types of technologies are being demonstrated that include utility power and
pollution control systems, technologies that address environmental problems at cement plants and
steel mills, and transportation applications for coal. As a result, the program is developing the
technologies that will allow coal to not only maintain its current domestic markets, but expand
into new markets as well.
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As important as the U.S. market is for CCTs, we now recognize that there are other opportunities
we did not even consider back in 1986 when the program was conceived. The potential
worldwide market for CCTs pales the U.S. market, offering export opportunities that can create
U.S. jobs, and strengthen the U.S. economy while addressing energy and environmental needs
of the international community.

The Department has been working in Poland and Czechoslovakia with the U.S. Agency for
International Development on several projects which you may have heard about. Eastern Europe
and the former Soviet republics are coal-based economies. However, past practices used in
producing coal and converting it to useful energy forms has resulted in environmental problems
and energy concerns. This region appears well suited for innovative coal preparation and low
cost retrofit technologies.

Also, the Department recently led a CCT trade mission to Indonesia and Thailand. Thailand will
be constructing between 1,000-1,500 MW of coal-fired electric utility capacity per year and
Indonesia about 2,500 MW per vear for the next 15 years. A great deal of interest in CCTs and
U.S. led projects was found to exist. The opportunities in these 2 countries, however, represent
the tip of the iceberg in Asia. The Energy Information Agency’s projections for coal use in
electric power generation demonstrate large potential markets for CCTs. In China alone, electric
power coal consumption, which is over 300 million tons per year today, is expected to rise by
over 50% by 2010 to around 500 million tons. Electric utility coal use in developing and
developed Pacific Rim nations is expected to grow by 70% over the same time period to about
115 million tons.

Even here in North America, opportunities for CCT exports exist. In Mexico, coal consumption
is estimated to exceed 12 million short tons in 2010 of which approximately 6 million short tons
will be used in the electric power generation sector.

I recognize that the more advanced processes, like some of those in the CCT demonstration
program, and those in the R&D pipeline, will not be deployed today in these countries. Instead,
there will be a transition to more modest performance technologies which nonetheless represent
great improvements over the technologies currently used in many of these countries. As the more
advanced CCTs are proven and environmental requirements are tightened, they too will be used.
The U.S. should be in a position to take advantage of these opportunities. We are the world’s
leader in coal-based power systems, both conventional and advanced systems. U.S. industry has
a worldwide reputation for economic, efficient and reliable energy systems. If we capitalize on
our reputation and add to it with proven demonstration units, major new markets can be created
for U.S. vendors.

Clean Coal Technology Conference Procesdings
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The Department has just completed a study looking at potential export opportunities for CCTs.
The study concludes, using conservative estimates, that between now and 2010:

. worldwide growth in coal consumption should increase by almost 800 million short tons
from today’s 4.3 billion;

. of this, almost 250 million short tons in coal growth for electric power production is
projected;

. worldwide market for CCTs, just to meet the electric power and industrial steam needs,

will exceed $400 billion of which about $110 billion is likely to be provided through
exports of CCT goods and services;

. a $110 billion export market would result in over 80,000 new jobs; and

. in addition to these economic opportunities, the use of CCTs in these countries would
lead to improvements in the global environment.

Why am I emphasizing the export opportunities of CCTs available to you, a primarily electric
utility audience? Because the largest part of these new markets for CCTs internationally will be
for utility applications. It is you in the utility industry who must play a key role in the export
initiative. The U.S. is viewed of having the most efficient and reliable electrical generation and
distribution system in the world. The world sees U.S. electric utilities as the most advanced in
terms of their ability to analyze options and to develop and implement generation plans under
a variety of conditions. As a result, U.S. utility involvement in a foreign project would bring
credibility and a sense of reality to that project. I view your role then as that of the project
team’s quarterback. A successful U.S. project team will need an A&E firm, an equipment
vendor, host country participants, and a U.S. utility who can orchestrate the project much as you
do here in the U.S.

I recognize that some of you are already moving in these directions through IPP subsidiaries and
on your own. I am also aware that the Public Utility Company Holding Act may inhibit utility
involvement in some cases. But, the market is so large and the U.S. job implications and trade
potential are so great that we must move aggressively as a team to capture these opportunities.

U.S. Government assistance is available. The U.S. Agency for International Development, the
Trade and Development Program, the Overseas Private Investment Corporation, Export-Import
Bank of the U.S., the U.S. Department of Commerce and the U.S. Department of Energy, among
others have organized their export assistance efforts on CCTs into a CCT Subgroup under the
U.S. Department of Commerce’s Trade Promotion Coordinating Committee. If you attended
yesterday’s Government Export Panel Session, you learned about the activities of these agencies
and the coordination of their effort.

K-8
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We have certainly come a long way since the inception of the CCT Program. We now have
many projects in operation throughout the U.S. that will be the basis for commercial deployment,
both domestically and internationally. We are clearly now the world leaders in clean coal
technology. We are viewed as a good international partner, and U.S. Government efforts to
support CCT exports are now coordinated among U.S. Government agencies and with industry.

With these ingredients, we should be able to resolve the environmental issues associated with
coal in the United States, as well as win a major international market for coal and clean coal
technologies abroad.

Each of you has played a part in that success, and | appreciate the effort you made to be here
today.

Glean Coal Technology Conference Proceedings

K-8



K-10 Clean Coal Technology Conference Proceedings



COMMENTS OF
DONALD E. JAKEWAY, DIRECTOR
OHIO DEPARTMENT OF DEVELOPMENT
SEPTEMBER 23, 1992
USDOE CONFERENCE/CLEVELAND, OHIO

- WELCOME TO OHIO. WE ARE THRILLED THAT OHIO IS HOST TO
THE US DEPARTMENT OF ENERGY'S FIRST ANNUAL CLEAN COAL
TECHNOLOGY CONFERENCE.

- AS MANY OF YOU KNOW, OHIO IS A MAJOR USER AND
PRODUCER OF COAL IN THE UNITED STATES.

- OHIO KNEW IN THE 1980’S THAT NOT ONLY OUR COAL AND
ELECTRIC UTILITY INDUSTRIES, BUT THE ECONOMY WOULD BE
AFFECTED BY THEN-PENDING ENVIRONMENTAL LEGISLATION. FOR
THAT REASON, OHIO CREATED ITS OWN CLEAN COAL TECHNOLOGY
PROGRAM, WHICH IS NOW ONE OF THE LEADING PROGRAMS OF ITS
TYPE IN THE UNITED STATES. OHIO’S PROGRAM, WHICH HAS
SUPPORTED OVER 80 PROJECTS AND ALLOCATED APPROXIMATELY
$84 MILLION, IS ADMINSITERED BY MY DEPARTMENT’S OHIO COAL
DEVELOPMENT OFFICE, AND IS STRONGLY SUPPORTED BY GOVERNOR
GEORGE VOINOVICH.

- HE IS KEENLY AWARE OF THE IMPACTS TO OUR UTILITIES, OUR
INDUSTRIES, AND OTHER SECTORS AND REGIONS OF OUR ECONOMY
WHICH USE OR ARE DEPENDENT UPON OHIO COAL. HE IS SUPPORTIVE
OF TECHNOLOGY DEVELOPMENT IN GENERAL, AND HAS A
PARTICULAR INTEREST IN SEEING THE PROMISE OF CLEAN COAL
TECHNOLOGIES PROVEN. YOU HAVE A VERY IMPORTANT TASK.

- OHIO, AS ARE MANY OF YOU, IS ON THE CUTTING EDGE FOR
CLEAN COAL TECHNOLOGY RESEARCH AND DEVELOPMENT. THAT IS
DUE IN PART TO OUR STAFF. I'M SURE MANY OF YOU KNOW JACKIE
BIRD, THE DIRECTOR OF THE OHIO COAL DEVELOPMENT OFFICE, AND
HOWARD JOHNSON AND RICHARD CHU WHO ARE ALSO PART OF OUR
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COAL TEAM. DON SCOTT IS ALSO HERE TODAY, AND HE HEADS
DEVELOPMENT OF ALL OTHER TECHNOLOGY DEVEL.OPMENT FOR THE
STATE.

- THE CLEAN COAL TECHNOLOGY PROGRAM IS ONE OF THE BEST
EXAMPLES I HAVE EVER SEEN OF THE “PUBLIC/PRIVATE
PARTNERSHIPS” SO OFTEN ENCOURAGED. NO ONE ORGANIZATION
COULD PURSUE THESE PROJECTS ALONE, NOT THE FEDERAL
GOVERNMENT, STATE GOVERNMENTS, UTILITIES OR PRIVATE
DEVELOPERS. BUT LOOK AT WHAT WE ARE ACCOMPLISHING
TOGETHER!

- ALONG THAT LINE I'D LIKE TO TAKE THIS OPPORTUNITY TO
URGE YOU TO TAKE ADVANTAGE OF USDOE’S ROUND 5 SOLICITATION.
IT IS MY HOPE THAT MANY OF YOU IN ATTENDANCE HERE TODAY
WILL SUBMIT PROJECT PROPOSALS BY DECEMBER 7TH FOR COST-
SHARED FUNDING UNDER THIS PROGRAM, PARTICULARLY THOSE OF
YOU FROM OHIO! OHIO INTENDS TO BE A PLAYER IN ROUND 5.

- OVER THE NEXT TWO DAYS, YOU WILL HEAR FROM
TECHNOLOGY DEVELOPERS FROM AROUND THE COUNTRY AND THE
WORLD. I'M PROUD TO NOTE THAT MANY OF THESE PEQPLE AND
PROJECTS ARE LOCATED IN OHIO.

- WHILE DEVELOPING CLEAN COAL TECHNOLOGIES IS
IMPERATIVE, WE MUST ALSO EDUCATE THE POTENTIAL USERS, OUR
CUSTOMERS, OF THEIR MERITS. THE JOB ISN'T OVER UNTIL THESE
TECHNOLOGIES ARE IN REGULAR USE, CLEANLY AND COST-
EFFECTIVELY USING THE VAST COAL SUPPLIES WITH WHICH THIS
STATE, THIS COUNTRY, AND OTHER COUNTRIES ARE BLESSED.

- THAT IS WHY EVENTS SUCH AS THIS, AND THE TECHNOLOGY
TRANSFER OPEN HOUSE THAT WAS HELD YESTERDAY ON THE SNOX
TECHNOLOGY AT OHIO EDISON’S NILES STATION, ARE SO IMPORTANT.
I KNOW MANY OF YOU HAD THE OPPORTUNITY TO VISIT THIS SITE,
AND I HOPE YOU WERE IMPRESSED BY WHAT YOU SAW.
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- BUT WE ARE NOT ONLY LOOKING FOR CUSTOMERS IN OUR OWN
BACKYARD, WE ARE SEEKING CUSTOMERS IN THE GLOBAL MARKET
PLACE. CLEAN COAL TECHNOLOGIES WILL HELP US SELL OUR COAL,
BUT CLEAN COAL TECHNOLOGIES THEMSELVES ARE ALSO A
VALUABLE COMMODITY. 1 COMMEND USDOE FOR RECOGNIZING THIS
AND INITIATING A COAL AND TECHNOLOGY EXPORTS SECTION.

- I KNOW THAT BABCOCK & WILCOX OF OHIO PARTICIPATED IN
ONE OF USDOE’S RECENT TRADE TRIPS, AND THAT EXPORTS ARE THE
TOPIC OF A SESSION HERE TODAY. I'D LIKE TO NOTE THAT MR.
JAMES SISTO, THE GOVERNOR'S MANAGER FOR EXPORT INITIATIVES,
WILL BE IN ATTENDANCE AT TODAY’S 2:00 P.M. SESSION. PLEASE
FEEL FREE TO LOOK HIM UP.

- I'D ALSO LIKE TO NOTE THAT OHIO IS FOLLOWING THE LEAD
OF PRESIDENT BUSH IN ANOTHER, RELATED ARENA, THAT OF
DEVELOPING AN OHIO ENERGY STRATEGY. COAL IS AND WILL
REMAIN A VERY IMPORTANT COMPONENT OF OHIO’S ENERGY MAKE
UP, BUT THERE ARE OTHERS. THIS EFFORT IS BEING ABLY LEAD BY
MY COLLEGE, CRAIG GLAZER, AND 1 WILL DEFER TO HIM TO
ELABORATE ON THIS TOPIC FURTHER.

- I KNOW THE TIME FRAMES ARE TIGHT, I KNOW THE ECONOMY
IS TIGHT, BUT THE PROMISE OF CLEAN COAL TECHNOLOGIES IS SO
GREAT. I CHALLENGE YOU TO FULFILL THE PROMISE.

- YOU'RE GOING TO HAVE A GREAT CONFERENCE, AND AGAIN,
WELCOME TO CHIO.

Clean Coal Technology Conference Proceedings
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WEDNESDAY, SEPTEMBER 23
CLEVELAND, OHTO
CLEAN COAL TECHNOLOGY CONFERENCE
CHAIRMAN CRAIG A. GLAZER - PLENARY SESSION
"STATE REGULATORY VIEW OF COMPLIANCE STRATEGIES"

Thank you for the kind introduction. I bring you greetings
from the Chio Public Utilities Commission. As the introduction
indicates, I'm and attorney and am pleased to welcome you to
Cleveland. Although Cleveland is not exactly the coal capital of
Ohio, it is Ohio's largest metropolitan area, my home and a great
city to hold a conference such as this. Cleveland is, in many ways,
the comeback city--when I first moved here in 1979 it was in the
throes of default, businesses were leaving it in droves and the
City administration was at war with itself. If Cleveland can come
back from adversity, so too can the coal industry which will be
facing its own tough times in the months and yvears to come, next to
the Indians.

The timing of this conference is also significant since we at
the Ohio Commission are in about the fourth act of a long play with
the American Electric Power Company over its compliance plans. And
as the words to the song go, what a long strange trip its been. I
want to tell you a little bit of the Ohio regulatory story on the
Clean Air Act Amendment ("CAAA") Compliance because it has lessons
in how you approach your state commissions.

As T am sure you are aware, Ohio is the state most affected by
Phase I of the CAAA. With a new Governor in office barely three
weeks, AEP announced in January of 1991, its intention to fuel
switch at its Gavin power plant. With over six million tons of coal
consumed a year, this was Ohio's largest coal fired power plant.
The powerful coal interests in our legislature were not about to
take that sitting down so they immediately began to work on
drafting a bill which would make it more attractive for Phase I
affected companies, and AEP in particular, to install scrubbers at
its plant. This, of course, had the potential to set different
parts of the state off at war with each other—--the coal interests
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wanted the 1legislation to mandate our consideration of
"externalities" namely, the socio-economic impact of job losses in
coal country. Well, if you looked outside in Cleveland, surely you
did not see too many cocal mniners walking around. The large
industries in Cleveland, Akron and Canton with their Elcon position
papers in hand, flexed their political muscle to kill this
externalities thing. After much wrangling which only served to
reaffirm the old adage that one should watch neither law nor
sausage being made, we arrived at a consensus piece of legislation
--one which called for us to consider the socio-econonmic
externalities but to balance it with a determination of whether
scrubbing or fuel switching is least cost. What is to me, perhaps
the most significant amendment in our law which the Commission
sponsored, the legislature said that in analyzing what is least
cost for Phase I, we need to take a long term view--the planning
horizon must be over both Phase I and Phase II. After extensive
hearings, the Ohio Commission told AEP not to eliminate scrubbers
as a compliance option. One of the key arguments which persuaded
at least this Commissioner, was an argument raised by the Ohio Coal
Development Office that if the scrubber could be made economic, it
would provide that bridge which would enable our coal mines to
remain open until new ciean coal technology is developed--something
to which our state has put many resources into.

At the same time, we urged AEP to get far more creative with
its plan then simply a rigid stand alone all-hardware remedy to
CAAA Compliance. We urged them to take a lead in development of an
allowance pool for Phase I bonus allowances, to investigate the
impact of selling rather than simply holding onto their allowances,
to investigate reduced utilization as a compliance tool and other
options such as, third party ownership of financing of its
scrubber.

To its credit, the Company did investigate a number of these
options and we are now at the tail end of the second hearing where
specific Commission pre-approval of its plan is requested. We have

also required each of our other electric companies to file plans
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and have since opened up dockets to develop a policy on emissions
allowance trading, are in the midst of our second review of AEP'g
compliance plan and will be beginning, starting this afterncon, a
review of the Clean Air compliance plans of Ohio's other utilities
starting with Centerior. The lesson in all this is that although
the initial planning and the risks of noncompliance or imprudent
compliance must remain with the utility, that doesn't mean that
reqgulators should simply stick their head in the sand and see
people at the end of the line. That approach simply invites no
risk taking, no development or investment in new technology, but
instead either a costly all-hardware traditional approach or
massive fuel switching in an attempt to avoid all risk. I have
been speaking out on the need for state commissions to get focused
on these issues and to tackle them sconer than later. Ohio passed
its first pre-approval statute, one which gave a heavy emphasis to
clean coal technology.

Although the Clean Air Act amendments are largely a hit on the
coal industry, they do present some opportunities. Unfortunately,
we tend to relive debates over the Act itself and let rhetoric
rather than fact contreol us. The coal industry needs to begin to
put packages together and come to the electric industry with
reasonably-priced high sulfur coal and the emission allowances
making it possible to burn it. Yet in my discussions with coal
producers, I often times find precious 1little information or
knowledge about the emissions trading market. This isn't Jjust a
market for the electric industries--in fact, the enissions
allowance market provides great potential for the ccal producer as
well. In a similar vein, at least in Ohio, the term gas cofiring
has caused an immediate negative reaction--there are those who are
still reliving the battles over the Act who see any mention of
natural gas as a plot by the gas industry to displace coal. I don't
doubt that the gas industry, if it had its druthers, would like to
displace coal as the number one power generation source. But given
all the uncertainty facing the gas industry as a result of FERC
Order 636, a commission, in my opinion, would be much more amenable
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to a gas cofiring strategy than a 100% gas conversion. We need to
begin to put these packages together.

In short, the coal industry has to go beyond the initial Clean
Air Act amendments decision, but instead get active in these
critical markets. We as the regulators need to ensure that we set
the stage which continues the development of clean coal technology
and puts appropriate bridges in place until that technology is
developed as we tried to do in our first Gavin Order. Regulators
also need to get focused and provide guidance on these issues, It
is only in these ways, that we can best utilize this vast resource
of coal that we have been blessed with.

K-18
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Girard F. Anderson

President, Tampa Electric Company

U.8. DOE First Annual Clean Coal Technology Conference
Sept. 23, 1992

Good morning. It is my pleasure to be here this morning
to participate in DOE's First Annual Clean Coal Technology
Conference. And to talk with you about a very special
project for my company.

Tampa Electric Company is currently in the process of
~permitting a new 260-megawatt generating facility in Polk
County Florida.

In my 33 years with the company, I've personally been
involved with the design, construction and management of
2700 megawatts of new generating capacity. But this unit is
unlike any other we've built before -- thanks to Round Three
of the DOE's Clean Coal Technology Program.

After an exhaustive evaluation of power generation
technologies ~-- and selection by the DOE for CCT funding --
Tampa Electric is very pleased to be designing and building
a truly state-of-the-art power plant.

Our new 260-megawatt Polk Power Station is an
"Integrated Gasification Combined Cycle"™ unit. And as a part
of our panel today, I'd like to provide Tampa Electric's
perspective on entering into a Clean Coal Technology project
such as this; what we expect from the project; and a bit
about our strategy for maintaining the public support we've
built over the past year.

I'd like to start with a quick glance at the Tampa
Electric system. We are an investor-owned electric utility
serving West Central Florida since 1899. We have 3,200
employees and presently provide electricity to more than
467,000 retail Customers. Through wholesale power
arrangements, we also serve a variety of other communities,
municipalities and cooperatives.

Tampa Electric has five power plants, three adjacent to
Tampa Bay and two inland, smaller plants.

Tampa Electric's generation is 99 percent coal fired.
And because we have sister companies that operate cocal mines
in Xentucky and Tennessee, and a transfer terminal and water
transportation system headquartered near New Orleans, we
have the advantage of an economical supply of coal and a
reliable water delivery system.

Our experience with coal over the years has been very
positive. Coal prices have held steady and we've avoided
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dependency on foreign oil. We have long believed that
reliance on America's most abundant and lowest cost natural
energy source -- coal -- is the best choice for our industry
and our customers.

But with the new Clean Air Act Amendments and growing
public environmental pressures, making the choice of coal
today is not always easy.

Especially when you consider that new power generating
facilities will not be granted any S02 emissions allowances.
Those allowances will either have to be purchased on the
"allowance market" or generated internally from reductions
achieved at the company's existing power plants.

So the pressure to keep sulfur dioxide emissions from
new power plants to the absolute minimum is both an
environmental and economic necessity for today's utilities.

That's why we view this Clean Coal Technology project
as a very natural solution for Tampa Electric. By selecting
the IGCC technology, our Customers will benefit from a
long-term, reliable, economically priced source of fuel. OCur
environment will benefit from the superior sulfur dioxide
and other emissions reduction performance of this unit. aAnd
our company will benefit by producing reliable generation in
aiway that economically meets the requirements of the Clean
Air Act.

We are excited to play a role in the development of
better ways to utilize coal -- ways that bring such benefits
to our industry, its Customers, and our environment.

Steve Jenkins, from TECO Power Services -- our sister
company -- will provide an indepth look at the technology
of the Polk Power Station later today in one of your
afternoon sessions. But for your reference this morning,
let's a take a quick look at the configuration of this unit.

It is a first-of-its-kind combination of two leading
technologies. The first technology is called "combined
cycle," which is common to the utility industry.

Combined cycle is the most efficient commercially
available method of producing power today. Combined cycle is
more efficient because it uses exhaust energy from
combustion turbines to produce additional electricity.

The second technology we're using is called "coal
gasification," in which coal is converted to a clean-burning
gas. Coal gasification is not new to the chemical or
refinery industry, but it is new to the utility industry.
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our Polk Power Station will be the first commercial
integration of these technologies.

This new integration of technologies combines the high
efficiency of the combined-cycle design with the low cost of
coal for fuel.

And this unique design makes the Polk unit
significantly more efficient than a conventional power
plant.

Our work on the Polk Power Station actually began more
than five years ago. Like all electric utilities, we are
constantly evaluating and reforecasting our Customers'
energy demand and generation supply. We built our last power
plant in 1985, a 44l-megawatt coal-fired unit with wet
limestone flue-gas desulfurization.

Since then, our Customer base has grown by 18 percent
-- or 80,000 Customers ~- and it continues to grow.

So by the late 1980s, our forecasts were showing that
we would be able to meet half of our Customers growing
energy needs through the year 2000 with energy saved through
conservation, locad management and cogeneration.

But by 1989, our forecast showed that we would need to
have 260 megawatts of new capacity in place in 1996.

And that's one of the beauties of this project. By
selecting the IGCC configuration, we will place 150
megawatts of peaking capacity on line via a combustion
turbine in mid-1995. And then add the gasification plant,
heat recovery steam generator and steam turbine to convert
the plant to baseload, coal-fired generation by 1996.

The IGCC technology not only meets our expansion plan
criteria, but it meets out our environmental criteria as
well.

This unit will achieve a minimum sulfur removal rate of
96 percent with its conventional cold-gas cleanup
technology. With its demonstration technoleogy -- the hot-gas
cleanup system -~ it has the potential for even higher
removal levels. We are working daily with the manufacturer
of the hot-gas cleanup system to design for higher removal
rates. And again, Steve Jenkins will talk more about that
later today.

Overall, the Polk unit design is about nine to twelve
percent more efficient than conventional baseload pulverized
coal units. That means we will be burning less coal to
produce the same amount of electricity. This higher unit
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efficiency translates into fewer emissions -- again adding
to better environmental performance.

We are making progress on the technology design with
our major equipment/system suppliers in this project:
General Electric, General Electric Environmental Services,
and Texaco.,

But just as important as our progress with the
technology design, is the level of public and media support
we've been able to build for this project.

The roots of our success with public acceptance began
back in 1989 when we formed a 17-member "Siting Task Force"
to help us in the selection of our power plant site. We
formed this citizen's advisory group in 1989 when our
expansion plan showed an upcoming need for new capacity by
the mid-1990s.

This blue ribbon panel was made up of
environmentalists, educators, economists and community
leaders.

Here are some of the groups who had members on the task
force. We made sure that at least half of the group was
comprised of environmentalists -- because we knew that
protecting the environment would be the number one priority
in selecting the plant's technology and site.

The Siting Task Force began with a hard lcok at ocur
generation expansion plan, our conservation programs and the
generation technologies under consideration.

Once they were comfortable with our need for new
generation, they began an indepth evaluation of nearly 40
sites in a six-county area.

The task force ultimately decided -- after much debate
-~ that it was better to recommend sites that had already
been touched by industry. Their final recommendation was the
company's choice of three former phosphate mining tracts
located in southwest Polk County.

The task force believed that it was best -- from both
an environmental and economic standpoint -- to place
previously mined phosphate land back into productive use.

The Siting Task Force's work was conducted in the open,
with local media attending each of their lengthy sessions.
So when the announcement of the final site selection was
made, there were no surprises. The public had been kept
abreast of the site search all along.
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With the site recommendation in hand, we began to move
forward with our land acquisition, plant technology and
permitting activities. And as that process began, we
continued our communications with our Customers,
particularly those in Polk County nearest to the site.

When the IGCC technology and DOE participation were
identified and secured, we immediately made personal contact
with local government and community leaders -- prior to the
public media announcements.

Last year we began a periodic newsletter to Polk County
residents, talking about the plant's technology, site and
~environmental protection features,

And, this year, we held a series of personal community
meetings with the Polk residents, presenting a slide show,
displaying an exhibit, and answering any questions.

The DOE held a similar meeting in Fort Meade Florida
this past month called a "Scoping Meeting." More residents
came to speak in favor of the plant than those who came to
speak out against the plant.

We have taken the communications strategy for our Polk
Power Station seriously. Our communications pecple serve on
our project management team for the plant, just as the
engineers, accountants and legal counsel.

We realize that we don't operate in a vacuum. That,
instead, we operate under the close scrutiny of the media
and in the "court of public opinion."

I believe that this approach of open and regular
communications with Customers and the media has made all the
difference in terms of the smooth progress we've made to
date.

I also think the process we have used shows that, even
today, we can successfully site and build coal-fired
generation.

In a recent survey, three out of four of our Customers
agreed that we need to build this facility.

And two out of three think we made the right decision
to use coal.

Many of you know that these results are virtually the
opposite of current national trends in public opinion.

We will continue with this communications-based

approach to this project, just as we have with all of our
operations within Tampa Electric.
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We are confident we can manage this process
successfully and see this new Clean Coal Technology unit
become a reality for our Customers, our company and the DOE.

One of our sister companies, a wholesale power
generation company called TECO Power Services, is providing
the day-to~day project management for this unit as well as
all the interface activities with the DOE.

TECO Power Services will be the one to push forward
with the commercialization and marketing of this technology
once it's successfully demonstrated at Tampa Electric.

This Clean Coal Technology unit is an innovative and
natural solution to our need for clean, reliable power
generation.

With our new Polk Power Station, Tampa Electric will
produce reliable generation from an abundant domestic fuel
source. We will achieve superior environmental performance.
We will provide cost-effective and economical electricity to
our Customers. And we will help the DOE in its efforts to
boost commercialization of Clean Coal Technologies that
greatly reduce emissions and help provide for future energy
needs in an environmentally acceptable manner.

This IGCC unit is a dynamic and innovative project of
which we are very proud. And we are very much looking
forward toc beginning construction in 1994; to bringing the
combustion turbine on line in 1995; and to bringing the full
IGCC unit on line in 1996.

We thank the DOE for the technical and financial
support to make this project possible.

And I look forward to being able to report on the
success of this project at perhaps the Fifth Annual DOE
Clean Coal Technology Conference in '96,
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* Comments bv Garv L. Neale during Plenarv Session of
the First Annual Cleah Ccocal Technology Caonference on
September 23, 1992.

Good morning! Tedav I'd like to discuss the factors that
went into Northern Indiana Public Service Commanvy's decision
to enter in our Clean Coal Technology Project. I will also
discuss NIPSCO's historvy with respect to scrubbers -- a
history that has left us in an excellent position to meet
the Clean Air Act Amendments of 1990.

NIPSCO services a territory covering the Northern one-third
of Tndianra including 20 vnercent of the nation's steel makinag
capacitv. Our iocad is about 50 percent industrial, and we
serve an additionail 300.000 residential customers, Our
industrial customers can create loads that swing 600 to 800
megawatts from minute to minute. The manufacturing load is
highlv automated with about 1500 MW of computer control
processes. Decause these industrial customers reguire a
high gualitv power, NIPSCC has puilft generating stations
close to our lewad. This has led to high generating costs
for NIPSCO.

We currentlyv uvperate four (4) agenerating stations. Three
are iocated on the shores of Lake Michigan -- the D.H.
Mitchell Station. the Bailly Station {the site of our Clean
Coal Project). and the Michigan City Station., Our fourth.
the R. M. Schahfer Station. is located in Wheatfield.
Indiana. apprroximately 30 miles south of Lake Michican. Due
to our close proximity to Chicago. our three lakeshore
stations are in a non-attainment zone. while the fourth
affects the non—-attainment zone. Because of this location,
we operate under the strictest clean air standards in the
United States.

When the Clean Air Act was vrassed in 1990, eight of our
eleven units were alreadyv in compliance with both Phase I &
IT of the Act. That lefi three units be be brouaght into
compliance. On Bailly's Units 7 and 8, we have installed an
Advanced Flue Gas Desulfurization System which is part of
the Clean Coal Techhnoliogy Proaram. Michigan City Station's
Unit 12 will blend fuel for Phase I and switch fuel for
Phase 11, We are now in compliance at ali of our stations
throuah Phase 3T, This has not been an easv road.
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The environmental recguirements of the 70's were raelatively
few for most utilities. NIPSCO was the exception.

Operating in a non-attainment area made NIPSCO do thinags
differentlyv than other utilities. In the mid 70's, we
entered intoc a EPA joint venture at our D.H. Mitchell
Generating Station. The Wellman Lord Scrubber produced a
reusable by-product sulfur:; but it was a verv complicated
svastem. The System was owned by NIPSCO but was operated bv
Chemical plant experts. In the end, the svstem was too
complicated and was decommissioned after the test program.
Qur other units complied with environmental regulations of
the 70's easilv by switching to low sulfur coa..

Alinhough this cvompliance technigue was fairlv easv, it was
nat without costs. The low sulfur coal comes from Colorado
and Wvomina adding a large transvortation cost on top of the
coal costs. To overcome supplv concerns of low sulfur coal,
long term {15-20 vyears) contracts were entered into by
NIPSCO and other utilities. These coals became even more
cosily in 1he 80's when these long-term contracts were
broken.

The environmental reguirements of the 80's mandated the use
of the scrubber. NIPSCO had made the decision to add two or
more units to our Schahfer Generating Station each rated at
334 megawatts. The limestone scrubbers typical of the late
70's and early 'B0's were unreliable due to pluggage and
chemical problems.

Instead of the problem-plagued limestone scrubbers, we
decided to go with a dual alkali system with its clear
scrubbing liquor to assure a highly reliable unit. These
units were state-of-the-art systems for the 80's. The
by~-product was calcium sulfite, a by-product that requires
large landfill. These units were designed to cvcle due to
the characteristics of the overall load. To keep these
units operating reliably, a lot of redundant equipment was
installed. For example, eight (8) absorbers and eight (8)
filters were installed to assure reliability. This drove up
the initial cost and the associated operating and
maintenance costs of the scrubbing svystem.

|4

The on-site disposal area at Schahfer takes approximately
200 acres of the 4,000 acre plant. After 22 vyears of
operation, it will reach a height of 67 feet. This large
mountain has become an irritation to local residents and
environmental groups. These problems were ones we didn't
want to repeat. In 1989, they also led to a negative
attitude toward scrubbing when we were facing the decision
on environmental compliance at our three (3) Phase I
affected units.
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The environmental reguirements of the 90's are more
stringent. Earliv on. we made the decision to go with a
Clean Coal Technology that produced a useable by-product.
The use of Clean Coval Technolooay allows us {o be a leader in
the environmental field and allows us to be competitive.

The Pure Air Advanced Gas Desulfurization (AFGD) Svstem at
our Bailly Generating Station was selected during the second
round of the Department of Znergy's Cliean Coal Technology
Program, It will receive $64 mrillion of the $150 million of
tne project's (o=t Tt is a forced oxidation limestone
scrubber with both units being scrubbed by one single
‘absorber module producing a saleable hy--product, agvpsum.
This proiect will prove that high 502 removal can be
achieved al a cost sunsiantially lower than the convertional
scrubbers.

The Proiect has had to overcome many hurdles hefore becoming
reality. One was to obtain a Certificate of Public
Convenlence and Necessity from the Indiana Utility
Regulatory Commission (IURC). This pre-approval eliminated
the concern that the IURC miaght second guess our decision

to scrub. Our investigation into our options for reducing
the S02 emissions from Baillv Generatinag Station had
initially revealed three {(3) options:

-— High suifur coal with a scrubber
—- Low sulfur coal
--  Nalural aqgas

Our decisioun to burn hiagh sultfur ceal and scrub the units
was upheld by the IURC and a certificate was granted in
Aoril, 1990. This decisiun proves to be the lowest cost
ontion to our customers in the long term,

The innovalive feature 1hat makes this scrubber "Slate of
the Art" are as follows:

1. Single 6800 MW absorper fed from the multinle units
2., Waste evaporat.on svstem
3. Direct limestone inijiection

4, Saleable bv-product -- ovpsum. This was the onlv choice
to getl the local environmentalists (such as Save the

Dunes, Sierra Club. and the Issac Walton Leaguel to
support this projecti .

5. Alr rotary sparger

6. Owned and Operatited by Pure Air.
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This scrubber presents many improvements over the system
installed at our Schahfer Station. The problematic rotary
vacuum filters are replaced by more efficient centrifuges.
Not only are they more efficient in dewatering capability,
but they also required less space. The landfill is replaced
with a walliboard vlant, The by-product is being sold to
U.S. Gypsum Companv for use in its East Chicago, Indiana,
plant. The gypsum generated by AFGD is enough to produce
wallboard for 20,000 single family homes in the Chicago land
area. I stress Chicago land area -- the market has tao be
close to the power plant for the economics to work.

What lessons have we learned in the last three decades about
scrubbers? We have realized that, "scrubbers are, in fact,
chemical plants.” Utilities are good at producing power but
as far as scrubbers are concerned, it is best to leave it up
to a chemical company. We have formed a partnership with
Pure Air, a general partnership of two chemical companies --
Air Products & Chemical, Inc. and Mitsubishi Heavy
Industries America. Inc. The Bailly scrubber is owned and
operated by Pure Air.

The role of the Clean Coal Technology Program in NIPSCO's
Clean Air Compliance is two-~fold. First, it has allowed
NIPSCO to remain an environmental leader and remain

an industry competitor. NIPSCO is now "clean" through the
vear 2000. Secondly, it allows us to continue to use the
nation's most abundant fuel source -- coal. NIPSCO has
balanced the enerdgy source risk by using both high and low
sulfur ccal. And finally. we have taken the high road by
cleaning up early. The whole team at NIPSCO has a new
attitude and it has created a new environmental awareness at
NIPSCO. We have adopted a new slogan -- "NIPSCO: producing
energy that works for yvou and the envirconment.!

I thank the Depariment of Energy for allowing me to speak
before this group and also allowing NIPSCO to be the host
site for this Clean Cocal Project.
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ON BEHALF OF GENERAL RICHARD LAWSON AND THE
MEMBERS OF THE NATIONAL COAL ASSOCIATION, | WOULD LIKE TO
THANK THE DEPARTMENT OF ENERGY FOR THE OPPORTUNITY TO
PARTICIPATE. DICK REGRETS NOT BEING ABLE TO JOIN YOU TODAY,
HE IS OVERSEAS WHERE HE CHAIRED THE INTERNATIONAL
COMMITTEE ON COAL RESEARCH MEETING IN LONDON LAST WEEK
AND IS CHAIRING A SESSION OF THE WORLD ENERGY COUNCIL'S
15TH CONGRESS IN MADRID ON ENERGY NEEDS AND POPULATION
GROWTH.

TO PARAPHRASE REMARKS ONCE MADE AT A DINNER FOR
NOBEL LAUREATES, THE WORLD HAS NOT SEEN THIS MUCH TALENT
FOCUSED ON COAL TECHNOLOGY AND ENERGY GATHERED IN ONE
PLACE SINCE EDISON TOILED AT HIS WORKBENCH -- ALONE.

THE TIME RUSHING ON AS THIS CENTURY CLOSES IS IN NEED
OF THIS TECHNOLOGY AND YOUR TALENT NO LESS, AND PERHAPS
MORE, THAN THE WORLD WAS OF EDISON’S JUST BEFORE THE

CENTURY BEGAN.
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AS HAS BEEN SAID, "TECHNOLOGY MADE LARGE POPULATIONS
POSSIBLE; LARGE POPULATIONS NOW MAKE TECHNOLOGY
INDISPENSABLE."

TECHNOLOGY SOLVES PROBLEMS. TECHNOLOGY IS THE WIT
OF HUMANKIND MADE TANGIBLE AND APPLIED.

AS EVIDENCED THE ATTENDANCE HERE AND THE PHENOMENAL
SUCCESS OF THE JOINT GOVERNMENT-INDUSTRY CLEAN COAL
TECHNOLOGY PROGRAM, WE ARE AT THE THRESHOLD OF AN
EXPLOSION OF COAL UTILIZATION OPTIONS UNPARALLELED IN THE
HISTORY OF ANY ENERGY SOURCE.

THE ENERGY PRECIPITATED CRISES OF THE '70's AND '80’s
CONVEY ALESSON. FOR GEOPOLITICAL AND ECONOMIC REASONS,
OUR NATION CANNOT PERMIT ITSELF TO REMAIN STRATEGICALLY
DEPENDENT ON IMPORTED ENERGY. WE MUST USE ALL OUR
DOMESTIC ENERGY RESOURCES - COAL, OIL, GAS, NUCLEAR,
RENEWABLE, CONSERVATION AND EFFICIENCY.

OUR CHALLENGE IS TO FRAME THE PROBLEMS ACCURATELY
AND COMPREHENSIVELY FOR TECHNOLOGY, AND TO DO IT IN WAYS
THAT ENABLE THE FUTURE RATHER THAN CONSTRICT IT.
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EVERYTHING IN A MODERN ECONOMY AND RELATED TO A

MODERN STANDARD OF LIVING BEGINS WITH ENERGY.

WE KNOW THE FOLLOWING ABOUT ENERGY AND THE FORCES

AFFECTING ENERGY:

GLOBAL DEPENDENCE ON IMPORTED OIL HAS
CAUSED, IN LESS THAN TWO DECADES, TWO
WORLDWIDE ECONOMIC DISLOCATIONS AND
THE MAJOR GEOPOLITICAL DISRUPTION OF
THE PERSIAN GULF WAR;

THE OIL SITUATION WILL GET WORSE - NOT
BETTER; DECLINING WORLD RESERVES WILL
GIVE THE GULF PRODUCERS INCREASED
MARKET DOMINANCE AND THE WORLD
ECONOMY GREATER INSTABILITY;

AMERICAN OIL IS IN STEEP DECLINE; OUR
IMPORT-DEPENDENCE WILL INCREASE UNLESS
ADDRESSED; SO WILL OUR ECONOMIC
VULNERABILITY;
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e GLOBAL POPULATION WILL GROW BY 3.2
BILLION PERSONS IN THE NEXT 30 YEARS OR
SO;

e THIS POPULATION WILL REQUIRE ECONOMIC
DEVELOPMENT TO RAISE LIVING STANDARDS
AND KEEP THE WORLD PEACEFUL,;

e THE HUGE FORMER EMPIRE OF THE FORMER
SOVIET UNION WILL REQUIRE THE SAME; FOR
ECONOMIC CHAOS CAN PRODUCE
DANGEROUS DICTATORSHIPS NO LESS THAN
DEMOCRACIES.

e THESE CHORES WILL REQUIRE ENORMOUS
AMOUNTS OF ENERGY AND CONSIDERABLE
ASSISTANCE;

e ONLY THE |INDUSTRIALIZED NATIONS,
ESPECIALLY AMERICA, CAN DO THIS; THEY
HAVE THE TECHNOLOGY AND THE MARKETS;
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e THE INDUSTRIALIZED NATIONS WILL REQUIRE
ADEQUATE, LOW-COST ENERGY TO MAINTAIN
ECONOMIC STRENGTH FOR THE UNDERTAKING
AND THEIR OWN STABILITY;

e WORLD COAL RESERVES CONTAIN ABOUT
THREE TIMES THE ENERGY OF WORLD OIL
RESERVES; AND AMERICA'S RECOVERABLE
COAL IS THE ENERGY EQUIVALENT OF WORLD
OIL RESERVES;

e NEW ELECTRIC GENERATING CAPACITY WILL
BE A PRIMARY CONCERN AT HOME AND
ABROAD;

e COAL IS WELL-SUITED FOR ELECTRIC POWER
GENERATION;

® THE UNIFICATION OF WESTERN EUROPE AND
THE REORIENTATION OF THE ECONOMIES IN
THE FORMER SOVIET EMPIRE WILL
RESTRUCTURE WORLD COAL PRODUCTION

AND DEMAND;
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e AND, TO CLOSE THIS SUMMARY, THE NEWLY-
RAISED POSSIBILITY OF AN ENERGY-INDUCED
GLOBAL CLIMATE CHANGE MUST BE TREATED
SERIQUSLY;

ENERGY IS CENTRAL TO EVERY HOPE AND ASPIRATION FOR
THE FUTURE.

ENERGY WILL DETERMINE THE QUALITY OF EVERY
ENVIRONMENT CRITICAL TO THE SURVIVAL OF HUMANKIND -- THE
ECONOMIC, THE POLITICAL AND THE NATURAL.

THESE ENVIRONMENTS ARE GLOBAL. THEY ARE AS INTER-
DEPENDENT AS ANYTHING FOUND IN NATURE. EACH ACTS AND
REACTS, ONE ON THE OTHERS, THE OTHERS ON ONE.

THE POLITICAL ENVIRONMENT IS INFLUENCED BY THE
ECONOMIC, WHICH DEPENDS ON ENERGY. THE NATURAL IS
INFLUENCED BY THE ECONOMIC AND BY THE PRODUCTION AND USE
OF ENERGY.

WITH ENOUGH ENERGY, WELL AND WISELY USED, ALL THREE
ENVIRONMENTS PROSPER, AND MANKIND WITHIN THEM.
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WITH TOO LITTLE, THE CLOCK OF PROGRESS BEGINS TO WIND
BACKWARD -- TOWARD THE LONG-REMEDIED ABUSES OF THE EARLY
INDUSTRIAL REVOLUTION; TOWARD THE SLASH-AND-BURN ERA OF
AGRICULTURE; TOWARD SUBSISTENCE AND WANT; TOWARD
UNREST AND WAR; AND TOWARD NEW HITLERS, IF NOT STALINS,
AMONG THE 3-BILLION.

THUS IT ALL BEGINS WITH ENERGY -- AND WITH BALANCE: FOR
TO SACRIFICE ONE ENVIRONMENT TO THE OTHERS, OR THE OTHERS
TO ONE, IS TO PUT THE FUTURE AT RISK. IMPORTANT PIECES ARE
BEING PUT IN PLACE FOR DEALING WITH THE FUTURE -- FOR
SHAPING A NEW ERA.

A NATIONAL ENERGY SECURITY ACT HAS PASSED BOTH
HOUSES OF CONGRESS, AND BOTH VERSIONS HAVE STRONG COAL
SECTIONS. THE CONFEREES ARE MEETING AND AGREEMENT WILL
BE REACHED SHORTLY.

WE WILL HAVE A NATIONAL ENERGY SECURITY ACT SIGNED
INTO LAW BEFORE THE ELECTIONS -- AND THE COAL SECTION WILL

BE STRONG.

Clgan Coal Technology Conference Procesdings K-37



THIS PAST JUNE THE BUSH ADMINISTRATION HELD FAST
AGAINST GREAT PRESSURE AND BROUGHT INTO BEING AN
INTERNATIONAL AGREEMENT ON GLOBAL CLIMATE CHANGE THAT
DOES NOT -- LET ME EMPHASIZE, DOES NOT -- REQUIRE
SIGNATORIES TO PRECLUDE OR PUNISH COAL USE.

THE UNITED NATIONS' CONVENTION ON CLIMATE CHANGE
ALLOWS AMERICA TO MOVE AHEAD WITH PLANS TO INCREASE
ENERGY SECURITY AND TO FREE FUTURE WORLD DEVELOPMENT
FROM THE THREATS OF IMPORTED-OIL DEPENDENCE.

IN WORLD ENERGY, COAL USE IS FORECAST TO ALMOST
EQUAL WORLD OIL DEMAND BY THE YEAR 2000 AND THEN TO
EXCEED IT BY A FACTOR OF ALMOST TWO BY 2025.

IN THE UNITED STATES, COAL DEMAND IS PROJECTED TO BE
1.1-BILLION TONS A YEAR BY THE YEAR 2000 AND TO REACH 1.5
BILLION TONS BY 2010. WE CURRENTLY USE A LITTLE OVER 1-
BILLION TONS.

LET ME OFFER A PERSPECTIVE ON DEMAND.

FOREMOST, FUTURE DEMAND IS HEAVILY INFLUENCED BY

PRESENT PERFORMANCE.
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PERFORMANCE IS THE REASON U.S. COAL PRODUCTION
REACHED 1-BILLION-TONS-A-YEAR NO LESS THAN FIVE YEARS
AHEAD OF OFFICIAL FORECASTS.

THE ELECTRIC-UTILITY BURN INCREASED BY 36 PERCENT
DURING THE 1980s -- FROM 569-MILLION TONS IN 1880 TO 772-
MILLION TONS IN 1990. DESPITE THE 1991 ECONOMY, THE UTILITY
BURN STILL SET A RECORD OF 776-MILLION TONS.

THE 1992 BURN IS FORECAST AT 794 MILLION TONS --
ANOTHER RECORD.

THE NCA FORECAST FORESEES 1992 PRODUCTION OF 1-
BILLION-AND-29-MILLION TONS AND RECORD CONSUMPTION OF 1-
BILLION-AND-26 MILLION TONS.

BEHIND THIS GROWTH IS ONE OF AMERICA’S LITTLE-NOTED
INDUSTRIAL SUCCESS STORIES.

COAL-MINING PRODUCTIVITY INCREASED IN EVERY YEAR OF
THE 1980s - GREW BY MORE THAN 126 PERCENT IN THE 12 YEARS

BETWEEN 1978 AND 1990.
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IN SHORT, THE U.S. COAL INDUSTRY IS ONE OF AMERICA'S
MOST MODERN, MOST COMPETITIVE INDUSTRIES OF ANY KIND.

IN CONSEQUENCE, THE REAL PRICE OF COAL HAS GONE
DOWN EVERY YEAR SINCE 1978 IN TERMS OF 1982 DOLLARS. THE
ACTUAL AVERAGE PRICE PER TON IN 1990 WAS SLIGHTLY LOWER
THAN 1978’s,

AND COAL -- ON THE COMPETITIVE BASIS OF COST -- BECAME
THE FUEL OF CHOICE IN GENERATING NEARLY 60 PERCENT OF
AMERICA’S POWER. THIS PERFORMANCE SPEAKS FOR ITSELF.

AS A RESULT, COAL-FIRED ELECTRIC-POWER GENERATION
WAS A CENTRAL FACTOR IN DRIVING THE ECONOMIC GROWTH OF
THE 1980s, AND IT SUSTAINS ACTIVITY NOW.

COAL ALSO SERVED WHEN OTHER GENERATION FALTERED --
WHEN NUCLEAR PLANTS WENT OFF-LINE FOR LONG PERIODS AND
WHEN LOW WATER KNOCKED OUT HYDROPOWER.

FOR THE LONGER TERM, THE DEPARTMENT OF ENERGY
FORESEES A 46 PERCENT INCREASE IN THE POWER GENERATION
COAL-BURN BETWEEN 1990 AND 2010.
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THE PROJECTION IS BASED ON THE EXPANDING USE OF
ELECTRICITY IN THE ECONOMY. IN ADDITION TO PERFORMANCE IT
RECOGNIZES THAT SIGNIFICANT COAL-FIRED CAPACITY WILL BE
LIFE-EXTENDED, AND THAT COAL WILL WIN MUCH OF THE LARGE
INCREMENT OF NEW CAPACITY AMERICA WILL NEED, ESPECIALLY
AFTER THE YEAR 2000.

THE QUESTION IS OFTEN ASKED, WHAT IS THE FUTURE OF
COAL IN POWER GENERATION GIVEN THE CLEAN AIR ACT AND THE
CLIMATE CHANGE CONTROVERSY?

IN PERSPECTIVE, THE QUESTION IS, WHAT IS THE FUTURE OF
POWER WITHOUT COAL? AND OF AMERICA WITHOUT ADEQUATE
POWER?

ONLY COAL FACES NONE OF THE MARATHON SAFARIS
THROUGH THE BRAMBLES AND BRIARS OF REGULATION AND
LITIGATION THAT CONSTITUTE DUE PROCESS; OR NEEDS NO
IMMEDIATE EXPANSION OF INFRASTRUCTURE TO GUARANTEE

AVAILABILITY AND RELIABILITY.
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ONLY COAL CAN BE COUNTED ON TO DELIVER THE
INCREMENTS OF POWER NEEDED TO KEEP THE AMERICAN
ECONOMY GROWING AND INTERNATIONALLY COMPETITIVE.

NO OTHER FUEL OFFERS THE SAME ADVANTAGES: SUITABILITY;
AVAILABILITY; DEPENDABILITY; LOWEST COST; AND A RAPIDLY
ADVANCING, HIGH-EFFICIENCY BASE OF COMBUSTION
TECHNOLOGY.

COAL WILL CONTINUE TO ENERGIZE AMERICA.

U.S. COAL ALSO WILL EXERT MORE INFLUENCE ON THE
BALANCE OF TRADE. REMEMBER, WORLD COAL DEMAND SHOULD
ALMOST EQUAL WORLD OIL DEMAND IN LESS THAN 10 YEARS.

EXPORT DEMAND FOR U.S. COAL IN 1992 SHOULD REACH 114-
MILLION TONS -- ANOTHER RECORD. WHILE OIL IMPORTS ACCOUNT
FOR A MAJOR SHARE OF OUR BIG TRADE DEFICIT, COAL EXPORTS
ADD MORE THAN $4.5 BILLION TO THE PLUS-SIDE OF THE LEDGER.

WORLDWIDE, MANY NATIONS IN NEED OF POWER GENERATION
ARE LOOKING AT TWO THINGS; THE OIL IMPORT SITUATION AND THE

ADVANTAGES OF COAL.
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THESE ADVANTAGES WILL COME TO INCLUDE HIGH
EFFICIENCY, AND CLEAN COMBUSTION TECHNOLOGY FROM THE
UNITED STATES.

ACTUAL DEMAND WILL BE HEAVILY INFLUENCED BY
PERFORMANCE -- OF THOSE WHO PRODUCE COAL, OF THOSE WHO
MOVE IT INTO COMMERCE, OF THOSE WHO DEVELOP COMBUSTION
TECHNOLOGY, AND OF THOSE WHO APPLY IT.

THE PENDING NATIONAL ENERGY SECURITY ACTS IN THEIR
COAL SECTIONS ADDRESS COMBUSTION TECHNOLOGY AND THE
DEPLOYMENT OF THAT TECHNOLOGY.

THERE ARE DIFFERENCES BETWEEN THE SENATE BILLAND THE
HOUSE BILL, BUT THOSE DIFFERENCES ARE OF DETAIL AND NOT OF
MEANS AND THRUST AND PURPOSE.

BASED ON THE BUSH ADMINISTRATION'S NATIONAL ENERGY
STRATEGY, THE ACT HAS TWO PURPOSES:

e FIRST, TO GUARANTEE AMERICA ADEQUATE

ENERGY AT REASONABLE COSTS;
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e  AND THEN, IN A NON-PIECEMEAL, INTEGRATED
WAY, TO DEAL RESPONSIBLY WITH
REASONABLE ENVIRONMENTAL CONCERNS,
ESPECIALLY THE POLITICAL QUESTION OF
CLIMATE CHANGE.

BOTH THE STRATEGY AND THE ACT RECOGNIZE THE
IMPORTANCE OF AMERICA'S 268-BILLION TONS OF RECOVERABLE
COAL RESERVES AND THE ADVANTAGES OF COAL USE IN ELECTRIC
POWER GENERATION.

THE COAL SECTION DIRECTS:

e THE ESTABLISHMENT OF PROGRAMS FOR

RESEARCH, DEVELOPMENT, DEMONSTRATION,
AND COMMERCIAL APPLICATION OF
ADVANCED TECHNOLOGIES FOR COAL
PREPARATION, UTILIZATION, AND EMISSION
REDUCTION;
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e AND DEVELOPMENT OF ADVANCED CLEAN
COAL TECHNOLOGIES WHICH COULD ALL BUT
DOUBLE EFFICIENCY INCREASES AND
DRAMATICALLY REDUCE CARBON DIOXIDE
EMISSIONS.

WITH CLEAN COAL TECHNOLOGIES, INVESTMENT IN
PRODUCTIVITY INCREASES BECOME INVESTMENT IN EMISSIONS
CONTROL; AND EMISSIONS CONTROL BECOMES INVESTMENT IN
PRODUCTIVITY. IT IS THE CLASSIC WIN-WIN SOLUTION.

DEPLOYMENT WILL BE GOOD FOR THE DOMESTIC ECONOMIC
AND NATURAL ENVIRONMENTS.

BUT THE ACT DOES NOT DIRECT DEPLOYMENT AND DOES NOT
DEMAND THAT ELECTRIC UTILITIES USE COAL. IT LEAVES THOSE
CHOICES TO THE MARKET.

EQUALLY IMPORTANT IN WORLD LEADERSHIP, THE ACT
FOSTERS THE EXPORT OF BOTH U.S. COAL AND CONVENTIONAL
AND EMERGING CLEAN COAL TECHNOLOGY.
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EXPORT WILL MAKE RELIABLE, LOW-COST ENERGY AVAILABLE
TO THE POPULATION-RICH BUT ENERGY-POOR DEVELOPING
NATIONS IN THE GEOPOLITICAL DOORYARDS OF THE ADVANCED
NATIONS.

IT WILL ALLOW CHINA AND INDIA TO USE THEIR COAL IN WAYS
TO BENEFIT THEIR DEVELOPMENT AND THE GLOBAL ENVIRONMENT.

AND IT WILL PROVIDE THE ECONOMIC MEANS OF CLEANING UP
THE HIGH-POLLUTION ECONOMIES OF STRUGGLING NATIONS SUCH
AS THE SOVIET UNION AND THOSE OF EASTERN EUROPE.

EXPORT WILL BE GOOD FOR THE INTERNATIONAL ECONOMIC,
NATURAL AND POLITICAL ENVIRONMENTS.

THE ENERGY SECURITY ACT ALSO CONTAINS STRONG
PROVISIONS FOR THE RESEARCH, DEVELOPMENT AND DEPLOYMENT
OF ADVANCED COAL TECHNOLOGIES FOR NON-TRADITIONAL USES
OF COAL.

ADDITIONALLY, THROUGH ENCOURAGING THE EXPANDED USE
OF ELECTRICITY IN BOTH TRADITIONAL AND NEW APPLICATIONS
SUCH AS THE ELECTRIC VEHICLE, THE ACT WILL FURTHER THE USE
OF COAL WITH AN IMPROVING ENVIRONMENT.
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SO WE'VE COME A LONG WAY [N 1992, BUT CHALLENGES
REMAIN.

FOUR YEARS AGO THIS PAST SUMMER, A NASA SCIENTIST
TESTIFIED BEFORE A SENATE COMMITTEE THAT THE HEAT AND
DROUGHT OF THAT SUMMER WAS A GREENHOUSE WARMING
SIGNAL. BEFORE THE END OF THE YEAR, GLOBAL CLIMATE CHANGE
AND DISASTER SCENARIOS HAD BEEN COVER STORIES ON THE
MAJOR PERIODICALS AND NEWSPAPERS. A POLITICAL ISSUE TO
CARRY MULTIPLE SOCIAL, ECONOMIC AND POLITICAL AGENDAS
HAD BEEN BORN.

IT HAS TAKEN FOUR YEARS AND MUCH AGITATION FOR THE
SOMETIMES MELODRAMATIC SCARE-ISSUE TO PLAY OUT IN THE
INTERNATIONAL ACCEPTANCE OF THEBUSH ADMINISTRATION’S "NO
REGRETS" POLICY AT THE RIO "EARTH SUMMIT."
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"NO REGRETS" 1S AN ALTERNATIVE TO CHOKING DOWN
ECONOMIC ACTIVITY BY LIMITING THE USE OF CARBON DIOXIDE-
PRODUCING FOSSIL FUELS. THE CHOKE-DOWN IS THE APPROACH
FAVORED BY MANY OF AMERICA’'S ECONOMIC COMPETITORS AND
OUR CAREER ENVIRONMENTAL ACTIVISTS. "NO REGRETS"
INCLUDES ACTION AND STUDY. IT RELIES ON INCENTIVES AND THE
MARKET RATHER THAN MANDATES AND COMPLIANCE DEADLINES.

EVERY STEP WAS DIFFICULT. ALL REQUIRED BIPARTISAN
POLITICAL EFFORT AND LEADERSHIP AS WELL AS COOPERATION
AMONG INDUSTRIES.

ALTHOUGH THE PRESSURES FOR DRACONIAN ACTIONS MAY
ABATE, THE ESTABLISHMENT OF NUMEROUS INTERNATIONAL AND
DOMESTIC INSTITUTIONS, BUREAUCRACIES AND PROGRAMS WHICH
EXIST SOLELY AS A RESULT OF THE ISSUE, ENSURE THE LIFE OF
THIS ISSUE.

TO WIN THE FUTURE THE COAL INDUSTRY MUST CONTINUE TO
INCREASE PRODUCTIVITY AND TO REMAIN THE COMPETITIVE FUEL

OF CHOICE.
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NEXT, THE MORE EFFICIENT TECHNOLOGY MUST BE
DEPLOYED. THIS REQUIRES ENGAGEMENT WITH STATE AND
FEDERAL REGULATORS AND POLICY MAKERS.

AND, MOST IMPORTANT, WE IN COAL AND ALLIED INDUSTRIES -
THOSE WHO MOVE IT AND THOSE WHO USE IT -- MUST REMAIN
DILIGENT IN TENDING OUR POLITICS.

AS A REPRESENTATIVE OF THE ENVIRONMENTAL DEFENSE
FUND SAID ON DAVID BRINKLEY’S PRE-RIO SUNDAY SHOW, "THIS IS
JUST THE FIRST ROUND."

THERE'LL BE MORE SCARE-STUDIES ON CLIMATE CHANGE AND
MORE AGITATION FOR PUNITIVE LEGISLATION, BUT THE SCIENCE
NOW IS RUNNING AGAINST THE AGITATORS.

SCIENCE HAS DETERMINED WITH OBSERVATIONS FROM SPACE
THAT THE EARTH HAS NOT WARMED IN THE LAST 10 YEARS; FROM
THE RECORD OF READINGS AT SEA THAT IT HAS NOT WARMED IN
THE LAST 100; AND FROM U.S. RECORDS THAT, IN FACT, THERE HAS
BEEN REGIONAL COOLING IN THE SOUTH.
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NEVERTHELESS, STILL-CRUDE COMPUTER MODELS HAVE
FORECAST A WARMING OUT ABOUT 2050. THEY CONCENTRATE ON
CARBON DIOXIDE; ALL BUT IGNORE OTHER AND MUCH MORE
POWERFUL SUSPECT GASES; AND ARE INCAPABLE OF HANDLING
ALL THE COMPLEX WORKINGS AND INTERWORKINGS AFFECTING
CLIMATE, WHICH ARE NOT ALL UNDERSTOOD. THE PROJECTIONS
OF DIRE CONSEQUENCES ARE DRAWN FROM THESE COMPUTER
FORECASTS.

RECENTLY THE CARBON DIOXIDE INFORMATION ANALYSIS
CENTER AT OAK RIDGE NATIONAL LABORATORY PUBLISHED A
STUDY THAT FOUND FACTORS OTHER THAN CARBON DIOXIDE MUST
-- 1 REPEAT, MUST -- BE INVOLVED IN THE SLIGHT WARMING TREND
DETECTED THIS CENTURY.

THE STUDY LOOKED AT RECORDED TEMPERATURES FORMUCH
OF THIS CENTURY FOR MOST OF THE WORLD’S NORTHERN
HEMISPHERE — AT THE U.S., AT RUSSIA AND AT CHINA. IT FOUND
A PATTERN OF SLIGHTLY COOLER DAYS AND SLIGHTLY WARMER

NIGHTS.
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THE AUTHORS HAD TWO OTHER CONCLUSIONS -- POSSIBLY
THE TRENDS HAVE LITTLE TO DO WITH HUMANS; AND THE TRENDS
ARE BENEFICIAL FOR MOST HUMAN ACTIVITIES.

SCIENCE STILL CANNOT SAY IF THERE IS, OR WILL BE,
WARMING; AND, IF THERE IS, OR WILL BE, WHAT THE CAUSES AND
EFFECTS MIGHT BE.

THIS, THEN, IS A SKETCH OF COAL AND ENERGY TODAY.

THE 1990’S WILL BE A TIME IN WHICH AMERICANS RESOLVE
THE SUM OF THEIR ASPIRATIONS -- THE BLEND OF ENVIRONMENTAL
CONCERN AND ECONOMIC HOPE.

THEY KNOW WE CAN MAKE SUBSTANTIAL PROGRESS ON
ECONOMIC AND POLITICAL PROBLEMS WITH TECHNOLOGY AND
POLICIES THAT RAISE PRODUCTIVITY IN THE ECONOMY WHILE
IMPROVING THE NATURAL ENVIRONMENT.

AFTER ALL, ONE POUND OF COAL IN 1990 DELIVERED THE
POWER OUTPUT OF EIGHT IN 1890. AND EIGHTFOLD FEWER

EMISSIONS.
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THIS 1S THE POWER OF TECHNOLOGY -- TO IMPROVE THE
ECONOMY SO THAT PEOPLE MAY WORK AND WIN THE GOOD THINGS
OF LIFE AND ALSO TO IMPROVE THE NATURAL ENVIRONMENT.

THE WELL-TOLD STORY OF THE ONCE AND FUTURE KING HAS
PERTINENCE TO QOUR TIME, AND TO OUR CONCERNS.

TOWARD THE END, T.H. WHITE HAD KING ARTHUR REFLECT ON
WHY ALL THAT PROMISED GOOD HAD GONE BAD.

ARTHUR DETERMINED THAT:

"SWEEPING REMEDIES COULD CUT OUT
ANYTHING...AND LIFE WITH THE CUT. IDEAL
ADVICE WAS NO ADVICE AT ALL.

"WE CANNOT BUILD THE FUTURE BY AVENGING
THE PAST."

THE FUTURE DOES NOT JUST HAPPEN: IT MUST BE ENABLED
AND THEN BROUGHT ABOUT. IT COMES STEP-BY-STEP AND
REQUIRES BALANCE AND TIMING.
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WE KNOW -- WE HAVE PROVED TIME AND TIME AGAIN -- THAT
TECHNOLOGY SOLVES PROBLEMS. JUST AS SOON AS PROBLEMS
ARE UNDERSTOOD AND COMPREHENSIVELY DEFINED, TECHNOLOGY
AND THE WIT OF MANKIND BEGIN TO DELIVER ANSWERS.

IN COAL WE HAVE AN ANSWER.

WE MUST BECOME MORE EFFICIENT AND SAFER IN
PRODUCING IT. THE TECHNOLOGIES BEING DISCUSSED HERE WILL
ADVANCE THIS OBJECTIVE.

AND WE MUST BECOME BETTER AT USING COAL.

IN THE COAL-COMBUSTION TECHNOLOGIES UNDER
DISCUSSION HERE WE HAVE THE MEANS TO ADD BALANCE IN THE
THREE GLOBAL ENVIRONMENTS CRITICAL TO SURVIVAL -- THE
ECONOMIC, THE POLITICAL, THE NATURAL.

WE AT EITHER END OF THE COAL-CHAIN MUST BEGIN TO FIND
WAYS TO JOIN IN COMMON CAUSE OR WE WILL FIND OURSELVES
JOINED IN A COMMON END -- THE LINKED OBJECTS OF PUNITIVE

ACTION IN A DECLINING WORLD.
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THOSE WHO PRODUCE COAL AND THOSE WHO USE COAL
MUST NOT NOW LET UP IN THEIR SUPPORT OF EXPANDED
SCIENTIFIC STUDY OR OF EFFORTS TO DEAL WITH REASONABLE
ENVIRONMENTAL CONCERNS IN PRODUCTIVE WAYS.

THERE 1S GREAT OPPORTUNITY FOR EVERYONE IN THE COAL
CHAIN -- FROM THOSE WHO PRODUCE IT TO THOSE WHO USE WHAT
IT PRODUCES.

IF WE GET THE RIGHT PIECES IN THE RIGHT PLACES RIGHT
NOW, WE TRULY WILL ENERGIZE AMERICA.

WE WILL DELIVER MUCH OF THE ENERGY TO DRIVE THE
WORLD’S EVOLUTION TOWARDS ECONOMIC GROWTH AND PEACE
IN A NEW ERA.

THE 1990's WILL BE A DECADE OF DECISION.

LET EACH OF US DO ALL WE CAN TO MAKE SURE THE
DECISIONS ARE THE RIGHT ONES.
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THE CLEAN AIR MARKETPLACE

The Clean Air Act:
Spurring Innovation, Jobs, and Exports

THE CLEAN AIR ACT AND THE CLEAN AIR MARKETPLACE

The Clean Air Act marked the beginning of a new era of environmental protection in the
United States. This important piece of legislation directed the Environmental Protection
Agency (EPA) to implement air poltution control regulations to ensure a cleaner and healthier
environment for all Americans. In addition to fuffiling this mandate, EPA is striving to
maximize the economic benefits that can be derived from the Clean Air Act to the U.S.
economy. By turning its attention to important issues such as jobs, exports, and technology
innovation, EPA is helping American businesses to enter the "clean air marketplace." Using
flexible and innovative regulatory techniques and backing technological advances and new
initiatives, EPA is supporting American businesses as they work toward meeting critical
environmental goals in a cost-effective and energy-efficient manner.

Since the outset of the Clean Air Act, critics have argued that stark choices must be made
between economic growth and further progress in air quality. However, by offering new
solutions to formerly intractable problems, EPA has found that environmental objectives can
be met while simultaneously fostering job and export opportunities. New markets and
technologies stimulated by the provisions of the Amendments in air pollution control
technology, emissions monitoring, and alternative energies are expected to bring significant
economic growth and employment oppontunities well into the next century. Environmental
regulations abroad reinforce the demand for exports in these areas. Meanwhile, defense and
other industries retooling for new markets can shift their physical and human resources to the
environmental protection industry to retain jobs that might otherwise have been lost.

EPA is working to actively help promote innovation and business opportunities in the Clean
Air Marketplace, and measurable results have already been achieved. However, EPA is aware
that these opportunities are often accompanied by significant costs to American businesses
that can impose hardships. It is important 10 keep these costs as low as possible.  With this
in mind, EPA has spent considerable time and attention examining the full range of economic
impacts of the Clean Air Act and of air pollution control programs in general. High-priority
attention has been given to addressing costs to regulated sources through regulatory impact .
analyses, plant closure studies, and cost benefit analyses. EPA has also made a concerted
effort to identify ways of promoting, rather than impeding innovation. This has led to new
initiatives, such as the "Green Lights" program, which has inspired several major companies
to achieve cost and energy savings through EPA’s voluntary energy-efficient lighting program.

Central to EPA’s implementation strategy for the Clean Air Act has been its philosophy of
building consensus among ali stakeholders. EPA has made a point of going beyond
standard rulemaking procedures to consult regularly with industry groups and to offer flexible
regulatory regimes. EPA has also recognized the crucial role played by state and local
governments, universities, and Federal agencies in achieving effective implementation of new
rules while keeping costs to a minimum. Coordinated strategies have been built on the
cornerstone of market-based approaches that can create "profits in the service of the
environment."
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THE CLEAN AIR ACT AND THE ENVIRONMENT

The Clean Air Act was enacted to confront serious problems that pose a threat to
public health and safety nationwide, at every level of society. Currently, over 100 urban areas
in the United States do not meet health standards for ozone, carbon monoxide, and
particulate matter. That's more than 140 million people still breathing polluted air. These
poliutants cause health hazards that range from reproductive problems to respiratory
infections, heart disease, and even lung damage. For example, in EPA’s ongoing review of
smog standards, studies were identified that show substantial reductions of lung capacity in
previously heaith people resulting from ozone exposures. Acid rain poses risks to human
health, as well as forests, lakes, streams, and national monuments. Toxic air emissions
continue to create additional health hazards ranging from respiratory problems, to birth
defects, to various forms of cancer. Higher up in the stratosphere, CFCs continue to deplete
the Earth's delicate ozone layer -- a problem that has already begun to have impacts on
people’s lives: Children are no longer aflowed to play outside during daylight hours in some
parts of South America because excessive exposure to UV radiation is causing dramatic
increases in levels of skin cancer.

The Clean Air Act will ensure that these problems are not passed on to future
generations by:

O Removing 56 billion pounds of air poliution each year;
0 Cutting toxic air emissions by more than 70%,;

O Cutting acid rain-causing emissions by almost 50%;
O Eliminating CFC production by 1995, and

g Meeting health standards for nearly all areas by 2000.

The Clean Air Act will yield measurable and significant results: Cleaner air and a
heaithier environment for everyone. In real terms, this means a lot less urban smog, less
heart, lung, and other disease, and more protection of valuable agricultural and natural
resources.

THE CLEAN AIR ACT AND THE ECONOMY

Although they are often posed as alternatives, clean air and economic growth can go
hand-in-hand. Indeed, in countries around the world -- from the former Soviet Union to
Mexico -- policymakers and business leaders are discovering that previous efforts to grow at
the expense of the environment have created some of the biggest impediments to future
growth, [n fact, in its recent studies of economic impacts associated with the Clean Air Act
EPA has identified a number of positive effects and economic opportunities:

O Growth in the environmental goods and services industry;

a New job opportunities for U.S. workers;
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d New business opportunities for industries retooling for new markets: and
o Stimulus for technological innovation, cost savings, and exports.

EPA is committed to minimizing the significant costs that are also associated with the
Clean Air Act -- $20 billion per year by the year 2005. As part of EPA's effort to keep these to
a minimum, we have carefully examined Clean Air Act economic impacts in a number of
studies, including regulatory impact analyses, plant closure studies, and business
opportunities studies, (see appendix for more details).

Growth In The Environmental Goods and Services Industry

The conventional wisdom is that expenditures incurred by companies in complying
with the Clean Air Act and other environmental laws constitute "lost" or sacrificed resources.
EPA believes that this is the wrong way to think about environmental expenditures.
Resources spent on environmental protection do not simply disappear. They go to firms in
the fast growing environmental goods and services industry. These firms produce jobs,
profits, and exports that fuel the clean air marketplace.

The market for environmenta! goods and services is large and is growing at a rapid
pace. Environmental protection is already a $100 billion industry. A recent study conducted
by ICF and Smith Barney Inc. projects that in the next three years, revenues in the air
pollution control industry will jump by $4 to $6 billion annually and by $7 to $9 billion annually
in the following five years for a cumulative increase of $50 to $70 billion over today's
revenues by the year 2000. The Clean Air Act will spur even greater growth over the following
two decades. These figures, in fact, are probably conservative, since the report dealt only
with those opportunities that could be clearly identified and estimated. Additional revenue
gains are probable as the demand created by the Clean Air Act ripples through the economy
and affects many industries and companies that are not always considered to be a direct part
of the air poliution control industry.

New Job Opportunities for U.S. Workers

Growth in the environmental industry means new jobs. These include both high-
skill/high-wage and medium skill/medium-wage opportunities. In fact, the ICF/Smith Barney
study shows that increased demand for employees in air pollution equipment manufacturing,
on-site construction, design, and engineering alone could create up to 300,000 new jobs.

Examples of new jobs abound in a variety of fields, including energy conservation and
renewable energy services, alternative transportation systems and other clean technologies,
construction, and inspection and maintenance activities. A recent study by the Alliance to
Save Energy, the American Gas Association and the Solar Energy Industries Association
states that in an optimum scenario, energy production and service-related jobs could jump by
175,000 due to the Clean Air Act, and that jobs surrounding energy conservation services and
renewable energy could increase by up to 190,000.

In the area of alternative transport systems technology and construction, California is
leading the way: CALSTART, a new consortium of public and private sector firms in California,
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has launched an ambitious program focused on electric vehicle production and aiternative
transportation solutions. CALSTART could create up to 55,000 jobs in Los Angeles over a
six-year period.

in Mont Belvieu, Texas, construction has just started on Sun-Enterprise-Mitchell's
12,500 barrel per day MTBE plant, creating both construction jobs for the local community
and later new high skill jobs once operations begin in 1994, This is just one of approximately
60 new or expanded MTBE facilities under development. EPA also estimates that, as a result
of the Clean Air Act, the U.S. economy could gain a net increase of up to 12,000 new U.S.
jobs in vehicle testing and repair.

New Business Opportunities for Industries Retooling for New Markets

The Clean Air Act is not only creating entirely new job opportunities in relatively new or
growing industries, but also creating opportunities for firms that are retooling for new markets.
These opportunities can help preserve jobs that otherwise would have been lost as the
defense and other industries "downsize." Companies with technological expertise and large,
skilled workforces are well positioned to make this type of strategic shift.

Several firms have already begun to move in this direction. Defense contractors and
aerospace firms, for example, can retool for activities such as production of electric vehicles
or emissions monitoring equipment, which are discussed below. New civilian applications for
space and defense technologies have already been discovered by leading firms. For
example, the GM Sunraycer car is one of many new technological innovations in the clean air
marketplace. GM/Hughes have used their technical expertise in advanced technologies such
as photovoltaic cells, space vehicle materials, and aerodynamics to produce a state-of-the-art
solar-powered vehicle. GM's Hughes Aircraft subsidiary played a large role in developing the
Sunraycer. Additional adaptation of defense-related technologies such as high-tech
monitoring and remote sensing are anticipated as the Clean Air Marketplace grows.

Growth in the clean air marketplace is reinforced by the growing market for green
products. More and more Americans are considering the environmental impacts of the
products they consume and green products are claiming ever increasing market shares in the
United States. This trend reflects the fact that Americans, in poll after poll, identify themselves
as environmentalists: in a 1990 Wall Street Journal/NBC poll, eight out of ten Americans
polled said that they considered themselves environmentalists. In a 1991 Roper poll, 85% of
Americans indicated that they are concerned about the environment.

American businesses are responding to these changing trends. According to the
Food and Beverage Marketing service, green products accounted for 11.4% of all new
products introduced in 1990, up from 1% in 1986. Moreover, a 1990 study of eighty major
U.S. industrial corporations conducted by Deloitte & Touche and the Stanford Business
School found that 31% had developed environmental marketing policies, 45% viewed
environmental issues as "strategically critical," 20% had product "green labelling" programs,
and 14% had introduced new "green" products. The study concluded: "...[C]lonsumer and
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regulatory pressures1are moving environmental issues to the heart of companies’ financial
and strategic plans."

Stimulus for Technological Innovation. Cost Savings, and Exports

Technological Innovation and Cost Savings. New laws and regulations have been
principal drivers in the development of new technologies in the environmental marketplace.
Two types of cost-savings result from the stringency and flexibility built into the Act:

. Least-cost air pollution control; and
. Lower cost manufacturing as companies learn to operate "smarter."

Companies facing more demanding air pollution control requirements have been taking this
opportunity to rethink how they make their products,

Historically, the development of new environmental technologies and the growth of the
environmental marketplace have been driven maost powerfully by new iaws and regulations at
the federal level. The Clean Air Act represents the most ambitious effort to use economic
incentives and other market mechanisms to provide the flexibility necessary for maximum
technical innovation. These market incentives harness "profits in the service of the
environment.” Among the principal innovation-inducing aspects of the Clean Air Act are the
performance standards approach to setting toxic air pollution limits embodied in Title Ill, and
the SO, allowance trading program established under Title IV. Acid rain provisions have
already borne technological fruit: Scrubber manufacturers now guarantee 95% SO, removal,
up from only 80% several years ago.

Tangible results in terms of cost savings have been achieved by American producers
across several industries. The Kennecott Corporation, for example, plans to build a copper
smelter that will be not only one of the cleanest, but also one of the lowest-cost and most
efficient of its kind in the world. This enormous construction project will create 3,300 new
jobs over three years, and more than 500 companies are expected to benefit from contracts
to work on the smelter project. In Elmira, New York, an IBM plant recently redesigned a CFC-
based electronic chip cleaning process, substituting environmentally friendly water-based
cleansers for CFCs. By implementing a cleaner, more efficient process, IBM has saved
$22 million. Along similar lines, a 3M Corporation project in Hutchinson, Minnesota is
expected to yield savings of $5 to $7 million a year in solvent purchases by reusing toxic
soivents.

Export Advantages. Air pollution control is a large and growing international industry:
The 1991 world-wide air pollution control market totalled approximately $12 billion and
tremendous growth is expected during the next decade in several key regions. The Asian

! In another survey, 89% of respondents were concerned about the environmental impact
of their purchases and 72% said that a company's environmental reputation influences their
product choice.
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Development Bank predicts a fivefold to tenfold increase in air and water pollution in Asia due
to an expected 300% increase in the number of vehicles and a 150%-200% expansion in
industrial and mining activities. Taiwan, for example, is expected to spend up to $36 billion on
pollution control over the next six years. South Korea expects to spend $2-3 billion a year on
environmental clean-up. Eastern Europe offers longer-term market potential in air pollution
control. U.S. companies compete against the Japanese, the Germans, and other Europeans
for a share of this increasing market.

Technological innovation as a result of the Clean Air Act translates into an export edge
for these U.S. companies in two ways. First, non-environmental companies can become
tougher international competitors as they become "smarter” in response to Clean Air Act
requirements. A leading experts on international competitiveness, Michael Porter of the
Harvard Business School, has studied the international response of firms to more stringent
pollution controts. Porter notes that "Strict environmental regulations do not inevitably hinder
competitive advantage against foreign rivals; indeed, they often enhance it. Tough standards
trigger innovation and upgrading." The Kennecott Corporation, mentioned above, is an
example of this point. In fact, gains in energy efficiency, which often result from learning to
be "smarter" producers, also give companies a cost and, therefore, a competitive edge over
their counterparts in other countries. Looking overseas, we find that Japanese industry,
which undertook a massive drive to increase energy efficiency in response to the 1970s oil
shocks, today enjoys both cost advantages and lower pollution than their U.S. and European
competitors.

Second, in the air pollution control industry, technical leadership paves the way for
export leadership. For example, Joy Environmental Technologies Inc. (JET) and its German
partner Gottiried Bischoff & Co., recently announced a $155 million contract with Taipower of
Taiwan. The venture will install advanced wet scrubbers in a Taichung power plant that will
reduce SO, more than 80%. JET expects to open a Taipai office this year.

THE CLEAN AIR ACT AND ENERGY POLICY

Reducing Qil Imports

The Clean Air Act supports U.S. national energy policy by reducing oil imports.
Implementation of the Clean Air Act Amendments will reduce U.S. oil imports in at least two
ways:

O Many new compliance technologies will also be more energy efficient, as
companies try to operate "smarter” when it comes to energy and cost-savings.
Gains in energy efficiency, which often result from learning to be "smarter"
producers, also give companies a cost and, therefore, a competitive edge over
their counterparts in other countries.

O The Title it oxygenate requirements will result in the replacement of fuel imports
with MTBE and ETBE, which are derived from domestic gas and grain,
respectively.
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Economic Growth Does Not Require More Energy

Contrary to conventional wisdom, economic growth and growth in energy
consumption are not directly correlated: Japan's economy, among the most fastest growing
of the industrialized nations, is also the least energy-intensive. In fact, when Japan increased
its energy efficiency in response to the 1970's world oil market shocks, it significantly reduced
its level of air pollution at the same time. Now the Japanese economy derives more GNP
from each BTU than the U.S. economy. Another way to view this comparison between Japan
and the U.S. is that we generate much more poliution per dollar of GNP. The U.S. economy
can grow while Americans work together to reduce the tons of pollution we emit into our
environment every day.

WHAT EPA IS DOING TO FOSTER THE CLEAN AIR MARKETPLACE

Technology Innovation and Exports

EPA is taking steps to improve its role as a technology advisor and leader by
catalyzing efforts to develop and commercialize new technologies; disseminating information
to industry; and responding to innovative entrepreneurs. EPA is supporting several new
programs that are aimed at promoting U.S. exports and cultivating markets abroad for U.S.
products. Several of our most important initiatives aimed at promoting innovation and exports
include:

c Green Lights. Corporate America is embracing EPA’s Green Lights Program, which
invites companies to install energy-efficient lighting, reducing their lighting bills and
cutting pollution. Companies sign an MOU with EPA, committing to install energy-
efficient lighting throughout their facilities. In return, EPA provides a variety of
technical assistance services to help make the changeover easier.

| Golden Carrot. in this EPA-sponsored contest, a group of refrigerator manufacturers
have all contributed to a "pot" of money. The company that develops the most
energy-efficient refrigerator wins the entire pot.

O Energy Stars Computer Program. EPA has announced the formation of voluntary
partnerships with eight large computer makers to who are developing more energy-
efficient computers that also cut air pollution.

a NICE®. EPA and DOE are jointly funding the National Industrial Competitiveness
through Efficiency: Energy, Environment, and Economics program. This pilot
program provides funds to state agencies to improve industrial energy efficiency and
reduce-poliution.

O NETAC. NETAC is a non-profit corporation which received a start-up grant from EPA
to link the resources and experience of industry, government and academia to help
guide environmental technologies to the marketplace. Although EPA was a major
donor in the first years, NETAC is now funded primarily from private sources.
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O The Environmental Training Institute, a joint venture between the private sector and
the U.S. government, has formed a cooperative network of public agencies and private
companies help build capacity for environmental protection in developing countries.
The USETI shares U.S. environmental advances with the international community by
providing training courses in pollution control and waste management. By bringing
foreign government and private officials to the U.S., and putting them in direct contact
with U.S. firms, USETI helps build demand for U.S. pollution control exports.

a The U.S.-Asia Environmental Partnership (US-AEP}, a coalition of American and
Asian businesses, governments and community groups, set up with EPA participation,
has designed four programs to focus U.S. expertise and resources on Asia’s
environmental and energy problems. These include training, exchange programs, and
improving foreign access to U.S. technologies. U.S. companies will benefit from
greater demand created for U.S. products and services that can help address Asia’s
environmental problems,

Support for State/Local Innovation

Another way EPA can build on new models of market-based approaches is to provide
funding to state and local governments and universities. EPA has created a grant program to
provide seed money to encourage states and local governments to develop, as part of their
air quality plans, market-based incentives and other programs to spur innovation. To date,
grants have gone to lllinois, several Northeastern jurisdictions, and Houston. The Air
Emission Reduction Center (AERC), a new cooperative research center at the New Jersey
Institute of Technology has been established to develop manufacturing technology with
reduced emissions. AERC supports the notion that effective advanced pollution controi can
contribute to U.S. industry through innovation.

Consensus-Building

The philosophy at EPA for implementing the Clean Air Act is that all interested parties
with a stake in clean air regulations should be involved in the process. EPA "Reg-Neg”
roundtables and advisory committees have been successtful in building consensus on many
issues. For example:

c Regulatory negotiations for reformulated gasoline and equipment leaks
standards helped to develop consensus and cooperation among industry,
regulators, and other groups. For equipment leak standards, discussions led
to a tighter standard based on an innovative enforcement scheme.

O Roundtable discussions on Navajo led to an agreement between the plant's
owners and environmental groups to instali more stringent control than EPA
had proposed earlier.

ad Roundtable discussions on early voluntary reductions of toxic air emissions led
to a real regulatory reform by developing an innovative, flexible program,
allowing industries to make maximum use of emigsions trading to reduce the
cost of emission reductions.
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In short, what EPA has found -- time after time -- is that these innovative, consensus-based
approaches receive strong support and can be effectively impiemented.

CONCLUSION

In sum, the Clean Air Act, together with EPA’s flexible approach to implementing the
law, represent both an environmental and an economic milestone. EPA is working hard to
ensure a cleaner and heaithier environment for ali Americans, and to maximize the new
economic benefits and opportunities created by the Act. Progress to date indicates that
environmental and economic progress can go together, as efforts to clean the air create a
vibrant, new clean air marketplace providing growth in the environmental goods and services
industry, new opportunities for U.S. workers, new business opportunities for industries looking
for new markets, and stimulus for technological innovation, cost savings, and exports. In
addition, EPA is pursuing a number of other initiatives to promote energy efficiency and
environmental technology innovation and exports. EPA is confident that these efforts, taken
together, will yield cleaner air and a healthier economy as the U.S. steps up to the
environmental and economic challenges ahead.
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APPENDIX

EPA STUDIES: ECONOMIC IMPACTS OF THE CLEAN AIR ACT

Costs to Regulated Sources: L Health and Ecological Benefits:
Regulatory Impact Analyses Regulatory impact Analyses
Plant Closure Study Acid Rain Study

Cost of Clean Air and Water Alr Toxics Contingent Valuation
Acid Rain Study Study

Section 811 Study on Trade
e Pollution Control Sector:

Business Opportunities Study
Clean Air Marketplace

1
!

e Section 812 Studies on Clean Air Act Costs and Benefits
Retrospective: 1970 - 1990

Prospective: 1990 on

K-64

Clean Coal Technology Conference Procsedings



PANEL SESSIONS

STATE REGULATORY PANEL SESSION

Moderator: The Honorable Ashiey C. Brown, Commissioner, Public Utilities Commission of Ohio

Pansl Members: The Honorabie Danlel Wm. Fessler, President, California Public Utilities
Commission, The Honorable Karl A. McDermott, Commissioner, lllinois Commerce
Commission, The Honorable James R. Monk, Chairman, indiana Utility Regulatory Commission,
The Honorable Bil Tucker, Ph.D., Chairman, Wyoming Public Service Commission

GOVERNMENT EXPORT PANEL SESSION

Moderator: Peter J. Cover, Program Manager, Coal Technology Exports, Office of Planning and
Environment, U.S. Department of Energy's Office of Fossil Energy

Panel Members: Dr. Robert A. Siegel, Chief, Economic & Policy Analysis Division, Policy
Directorate, U.S. Agency for International Development, Dr. Joseph J. Yancik, Director,
Office of Energy, U.S. Department of Commerce, International Trade Administration,
John W. Wisniewski, Vice President, Engineering, Export-lmport Bank of the U.S.
Jack Willlamson, U.S. Trade and Development Program, Harvey A. Himberg, Director for
Development Policy and Environmental Affairs, Overseas Private Investment Corporation.

INDUSTRY EXPORT PANEL SESSION

Moderator: Ben N, Yamagata, Executive Director, Clean Coal Technology Coalition

Panel Members: Anthony F. Armor, Director, Fossil Power Plants Department, Electric Power
Research Institute, Robert D. McFarren, Vice President, Stone and Webster International
Corporation, Dr. Charles J. Johnson, Head Coal Project, East-West Center

UTILITY PANEL DISCUSSIONS

Moderator: Dr. George T. Preston, Vice President, Generation and Storage Division, Electric
Power Research Institute (EPRY)

Panel Members: Dr. James J. Markowsky, Senior Vice President and Chief Engineer, American
Electric Power Service Corporation, Stephen C. Jenkins, Senior Vice President, Commercial
Development, Destec Energy, Inc., Randall E. Rush, Director, Clean Air Act Compliance,
Southemn Company Services, Inc., George P. Green, Manager, Electric Supply Resources,
Public Service Company of Colorado, Howard C. Couch, Manager, Environmental and Special
Projects Department, Chio Edison Company
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BIOGRAPHIES OF
PANEL MODERATORS

The Honorable Ashley C. Brown STATE REGULATORY PANEL SESSION
Mr. Brown serves as the Commissioner of the Public Utilities Commission of Qhio. He was appointed
to the Public Utilities Commission of Chio by Governor Richard F. Celeste on April 11, 1883, for a

term ending April 10, 1988. He was reappointed to a second term on February 24, 1988, for a term
ending April 10, 1993.

Peter J. Cover GOVERNMENT EXPORT PANEL SESSION
As Program Manager, Coal Technology Exports, Mr. Cover is responsible for managing the U.S.
Department of Energy's Office of Fossil Energy's Coal and Technology Export Program. This pro-
gram supports and promotes the export of U.S. coal and coal technologies. The program is a coop-
erative effort with U.S. industry and other U.S. Government agencies with the objective of increasing
international trade opportunities for U.S. coal and clean coal technologies.

Ben N. Yamagata INDUSTRY EXPORT PANEL SESSION
Mr. Yamagata is the Executive Director of the Clean Coal Technology Coalition. His legal practice
encompasses federal and state legislative issues that deal with energy, environment, natural re-
sources, international trade (technology transfer) and transportation-related matters. Special exper-
tise includes representation before the legislative branch with respect to federal appropriations and
energy-related tax issues as well as matters before Congressional committees with jurisdiction over
energy, environment, natural resources and transportation matters. He has advised the $2.7 billion
Department of Energy clean coal technology development program. Mr. Yamagata is Executive
Director of the Clean Coal Technology Coalition and counsel to the Electric Transportation Coalition.

Dr. George T. Preston UTILITY PANEL DISCUSSIONS
Dr. Preston joined the Electric Power Research Institute (EPRI) in 1978 as Program Manager, Desul-
furization Processes, moving to Director, Envircnmental Control Systems in 1981 and Director, Fossil
Power Plants in 1984. In January 1991 he became Vice President, Generation and Storage Division.
Dr. Preston was instrumental in establishing EPRI's first subsidiary, CQ, Inc., and is Chairman of its
Board of Directors.
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STATE REGULATORY PANEL SESSION

The State Regulatory Panel will discuss: Regulatory incentives for demonstrating and
deploying advanced electric power technologies; Energy implications of the valuation ot
environmental externalities; implications of the Clean Air Act Amendments of 1990 on
coal-based electric capacity planning; and Emission allowance trading.

Moderator:
The Honorable Ashley C. Brown, Commissioner, Public Utilities Commission of
Ohio

Mr. Brown serves as the Commissioner of the Public Utilities Commission of
Ohio. He was appointed to the Public Utilities Commission of Ohio by Governor
Richard F. Celeste on April 11, 1983, for a term ending April 10, 1988. He was
reappointed to a second term on February 24, 1988, for a term ending April 10,
1993.

Panel Membaers:

The Honorable Daniel Wm, Fessler, President, California Public Utilities
Commission

The Honorable Karl A. McDermott, Commissioner, lllinois Commerce Commission

The Honorable James R. Monk, Chairman, Indiana Utility Regulatory Commission

The Honorable Bil Tucker, Ph.D., Chairman, Wyoming Public Service Commission
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DEPARTMENT OF ENERGY CLBAN COAL TECHNOLOGY CONFERENCE SEPTEMBER 22 - 24, 1992

Remarks of
Daniel Wm. Fessler

President, California Public Utilities Commission
BRefore
THE DEPARTMENT OF ENERGY CLEAN COAL TECHNOLOGY CONFERENCE

Cleveland, Ohio
September 22 - 24, 1992

[ am grateful to Secretary Siegel for the invitation to join your deliberations and
particularly appreciate the opportunity to be associated with my colleague, Ashley Brown, whose
writings and work I have come to admire. And I would say to my colleague from Wyoming,
Commissioner Tucker, that I believe his assault upon what I take it to be the recent work of the
Oregon Commission to be a tad shrill. It is evident that I am a stranger in your midst, and
before I sit down I shall have confirmed your suspicion that I am no expert in this field. In truth,
I am a school teacher, summoned from a classroom at the University of California by Governor
Wilson. For the past twenty months I have been engaged in the multi-faceted issues surrounding
the acquisition and distribution of energy for the thirty-five million Californians. I am here to
recount some of our struggles, to speak with becoming modesty of some of my Commission’s
accomplishments, and to learn from you.

The Commission’s Role in Electric Resource Planning

The California Public Utilities Commission’s regulatory role in electric resource
planning has changed dramatically over the past fourteen years. These changes began in
1978, when passage of the Public Ultilities Regulatory Policies Act firmly acknowledged that
the generation of electricity is not a monopoly function and that society would benefit from
the participation of a non-utility generation sector.

In that yesterdecade, California relied on oil and natural gas for more than 50 percent
of its electric power generation, Today, California has one of the world’s most diverse
resource mixes for electricity generation. In 1989, 52 percent of the actual electrical energy
supplied came from non-fossil fuels. California also leads the nation in the amount of
electricity supplied by non-utility generators. By 1994, qualifying facilities will provide 8,774
MW of dependable capacity to my state.

Competition

Since the passage of PURPA, the Commission on which I am privileged to serve has
consistently demonstrated its commitment toward establishing a fully competitive market in
electric generation. The most noteworthy product of the Commission’s efforts to date is our
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much debated Biennial Resource Plan Update. We created the Update to facilitate reliable,
least-cost, environmentally-sensitive electric service through a systematic analysis of the
utilities’ need for new resources and options to meet that need.

There are three main aspects of the Update which arise in the context of a
collaborative rather than a command and control setting. We first seek to identify the need
for new generation capacity for each of the three large electric utilities in California. At step
two we determine what portion of that need can be supplied by the utilities or Qualifying
Facilities (QFs). Finally, we have the task to establish reasonable prices and contract terms
for the utilities’ purchase of that capacity and energy supplied by QFs.

The Commission’s long-term goal in the Update is to establish a process by which
California-can achieve the most efficient, environmentally-sensitive, least-cost resource mix
and a fully competitive electric generation market. The history of the Update reveals the
Commission’s efforts toward achieving the first half of its long-term goal, while the broader
objective of full competition is the primary focus of related Commission investigations into
Electric Transmission Access and All-Source Demand and Supply Side Bidding.

As I just noted, the second half of the Commission’s long-term goal, the creation of
full competition, is addressed in two related proceedings. On Wednesday of last week we
took two significant steps. We concluded one of the most rewarding and broadly cast
collaborative exercises by announcing the terms of an interim policy on Electric Transmission
Access. Our purpose is to assure that QFs will have the ability to utilize and/or construct the
transmission facilities necessary to connect their facilities with the purchasing utility. We
have sought to design a transparent system wherein the bidding process can be informed by
accurate and timely information. The system is now in place and will be used in the long-
awaited auction.

On the same day that we adopted the interim policy on transmission access, we
modified the Update decision to allow Southern California Edison to revise its cost figures for
the identified deferrable resource. Our permission is conditioned on Edison’s unconditional
commitment to build out the repower at not one cent more than the quoted price and
performance terms if no Qualified Facility is able to beat these revised figures. 'While both
interim and experimental, the avowed goal of this move is to place utility and non-utility
generators on a level playing field subject to the same rules.

I should also mention that the Commission is also currently examining whether the
benefits of competition can be realized in the DSM arena. We are looking at bidding by third
parties to pursue DSM measures. The intent is to introduce competition to DSM services.
Valuing Environmental Externalities

The Commission has consistently supported the use of increased energy efficiency and
cleaner technology in meeting California’s electricity needs. We realize that the utility sector
is only one of the many contributors to the state’s air quality problems. While we are
committed to improving the air quality of the state, we are Keenly aware that we should not
ignore traditional cost-effectiveness analysis in pursuit of our environmental objectives.
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By legislative mandate, the Commission is directed to include a value for any costs
and benefits to the environment in calculating the cost effectiveness of energy resources. The
Public Utilities Code further specifies that until such time as the Commission adopts a
monetary value for fuel diversity, the Commission shall set aside a portion of new generating
capacity for renewable resources.

In an attempt to balance the risks that incorporating such societal and environmental
concemns places on the state’s ratepayers, we have directed that non-uniform residual emission
values be included in utilities’ cost-effectiveness analysis of resource options. The value of
residual emissions is tied to the attainment or non-attainment status of the point of production.

Emissions generated in non-attainment areas (areas in which emissions levels exceed
acceptable standard criteria) are valued using the purchasing utility’s marginal cost of
controlling the regulated pollutants. Emissions produced by sources in attainment areas are
assigned values adopted by the Nevada Public Service Commission.

The adopted residual emission values are incorporated into the resource procurement
process in two phases: planning and acquisition. In the planning phase, the utility is required
to include the imputed emission costs from power plant operation in the cost-effectiveness
analysis. During the acquisition phase, the value of emissions is incorporated into the bidding
protocol and the payment provisions. QF bidders will receive payment adders or subtractors
if they are "cleaner” or "dirtier” than the utility’s identified deferrabie resource.

We area aware that state policy to directly incorporate environmental costs is a drastic
change. In adopting this new course we recognize that it is desirable to send strong, and
clear pricing signals to both utility and independent power producers. At the same time, we
must recognize a need for a period of transition. This last point explains our decision to
exempt short-term power purchases from the application of emission adders. In short, we
believe the recent Update decision results in a fuel neutral resource procurement policy for
the state.

Clean Air Act Amendments

The Clean Air Act Amendments of 1990 introduced additional requirements for public
utilities. This legisiation has served to strengthen and support our commitment towards
environmentally sensitive resource planning. The Amendments require public utilities to
reduce emissions of sulfur dioxide (SO?) and nitrogen oxide (NO,) in order to mitigate the
effects of acid rain. It is believed that utilities nationwide account for 80% of SO emissions
and 30% of NO, emissions. The legislation also is intended to promote energy conservation
and the use of renewable energy resources. In concert with our own longer standing policies,
the Amendments identify renewable resources as those which utilize biomass, geothermal,
solar, or wind generation.

The SO reduction program includes the use of tradeable emissions allowances which
authorize and thereby limit specific amounts of SO’ emissions. The EPA will issue power
plants a prescribed number of emisstons allowances. A utility will be restricted to emitting
from a plant only as many tons of SO’ as correspond with the number of allowances it
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possesses for that plant. By lowering the emission levels of a plant, a utility can free-up
allowances which can be sold or traded on the open market.

The SO reduction program is divided into two phases. California utilities will not be
obligated to meet emissions limits, or eligible for emissions allowances until Phase Two,
beginning in the year 2000. In phase two, California’s initial endowment of allowances will
exceed current emissions in the state by 20 percent, due to the state’s existing energy
efficiency and renewable technologies.

In addition to the prescribed allowances, the utilities—and all other emitters covered
by the recent Amendments—can receive additional allowances by increasing investments in
energy efficiency measures renewable technologies. Renewable generation use or purchases
are limited to those units that were not operational before January 1, 1992.

Research, Development and Demonstration

The Commission believes that effective use of utility research, development, and
demonstration is critical for California. We believe that successful RD&D programs should
reduce a utility’s costs, reduce rates to customers, and improve the utility’s ability to contend
in the increasingly competitive electric generation environment.

The Commission currently authorizes the utilities to conduct RD&D programs through
traditional ratemaking methodology. We allow the inclusion of RD&D expenses in
determining rates, enabling the utility to recover the costs of the programs. Individual
program budgets are subject to review in the utility’s General Rate Cases.

The Commission seeks to encourage cost-effective utility RD&D, and is investigating
alternatives to traditional cost-of-service based regulation in order to effectively stimulate
increased utility investment in RD&D. We are actively considering implementing RD&D
commercialization incentives to encourage the development of innovative technology. We
strongly believe that such innovation is the key to California’s continuing energy success.
We have asked utilities to explore alternative means of developing utility incentive
mechanisms for RD&D program innovation and increase the priority for commercialization of
RD&D projects.

Coal Gasification Project

One such demonstration project was developed by Edison and Texaco at Edison’s
Cool Water Generating Station using Texaco’s Coal Gasification technology. The project was
designed to reduce the state’s reliance on oil, provide diversity, and produce a reliable energy
resource. In 1989, the project ended its original five-year demonstration run. Cool Water
successfully demonstrated Texaco’s Coal Gasification technology, but the project did not
prove cost-effective for Edison’s ratepayers. The high capital cost of this coal-based
technology more than offset any environmental benefits.

The Commission granted Edison permission to recover in rates the reasonable excess
expenses related to its operation of Cool Water as a demonstration project from 1984 to 1989.
The decision also adopted a Joint Recommendation signed by Edison and the Commission’s
Division of Ratepayer Advocates that requires review and preapproval of any negotiated
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purchased power proposal concluded between Edison and Texaco.

In 1991, Texaco petitioned to have the project’s certification extended, based upon the
incorporation of the gasification of sewage siudge, the production of methanol or alcohols,
and other refinements. The modified facility has been certified as a QF by the Federal
Energy Regulatory Commission and as a demonstration project by the California Energy-
Commission. Our state Energy Commission’s siting decision is significant, for it determines
such issues as whether a project (1) qualifies as a demonstration project and (2) has justified
the projects costs, by providing both energy and environmental benefits. Yet the
determination is not dispositive, for the burden of weighing the costs against the benefits to
ratepayers is the singular responsibility of my Commission.

Edison and Texaco are negotiating to transfer the Cool Water facility to Texaco,
however, the sale is contingent upon Edison and Texaco signing a purchased power
agreement. Edison has offered Texaco a Standard Offer 1 contract, which Texaco has
rejected since it needs significantly greater revenues for Cool Water to be economically
viable.

My Commission believes that Texaco should be compensated for Cool Water’s power
at a rate that best reflects what it would cost Edison to operate Cool Water. Any amount
paid above and beyond Edison’s current cost of power is the cost of continuing to
demonstrate Cool Water’s technology, technology that is not yet cost-effective in California in
the context of an investor owned utility and should not be subsidized by Edison’s ratepayers.

The Commission is charged with establishing just and reasonable rates for electric
service and will ultimately decide whether ratepayers should pay anything greater than the
cost of Cool Water’s power. We believe that past decisions regarding nonstandard contracts
and on utility/QF negotiations give adequate guidance for demonstration project sponsors such
as Texaco. The Commission stated in an earlier decision that the Update is not the
appropriate forum for addressing demonstration projects, nor is it the appropriate forum for
determining the value to ratepayers of demonstration projects.

Texaco has asserted that the power purchase agreement price should be higher than the
current market price, due to the demonstration value of the plant. This position is vigorously
opposed by our Division of Ratepayer Advocates. The Division points to California’s current
excess generating capacity, relatively low fuel costs, and complete lack of coal. The ongoing
value of the demonstration project is questioned given the fact that coal gasification is an
established technology that Texaco has licensed in other plants worldwide. The intended
impact of these arguments is that the demonstration value of the project is not significant
enough to offset the increased cost. Therefore, the Division does not support signing a power
purchase agreement at any price above market value. The prevailing prices in the
Commission’s Standard Offer 1, the only offer that is currently available, and final Standard
Offer 4, when approved and used for the upcoming auction, should be the price paid for
power.

Texaco contends that the existing standard offers are not suitable for demonstration

Clean Coal Technology Conference Proceadings P-11



DEPARTMENT OF ENERGY CLEAN COAL TECHNOLOGY CONFERENCE SEPTEMBER 22 - 24, 1992

projects. The belief is that the Commission, in addition to utility RD&D, should provide
nonstandard contracts with adequate payment mechanisms to provide incentive for
demonstration projects. Standard Offers are more appropriately used for established
technologies.
The most appropriate options available to Texaco at this time are:
0 Edison and Texaco can sign a nonstandard purchased power agreement. This
option seems the most appropriate given the past Commission decisions
regarding nonstandard projects.

0 Texaco and Edison could also sign a Standard Offer 1 (variable capacity and
energy) contract.
o - Another option available is entering the upcoming Standard Offer 4 auction

process by submitting a bid. Since Cool Water has been designated as a
demonstration project by the CEC, the project will not be counted against need
should it’s bid prevail in the auction.

0 Alternatively, Texaco could be granted an exemption from participating in the
auction and simply receive the prevailing second price auction bid price.
CONCLUSION

In summary, I to thank you for the opportunity to participate in this discussion. In
California we are committed to encouraging new, innovative research, development, and
demonstration projects both through utility programs and by creating additional opportunities
for non-utility power producers to enter the electric generation market. I strongly urge your
continued search for technologies which will allow the use of coal as a major fuel in the
production of electricity. I recognize the vast energy potential of coal and, as a representative
of thirty-two million consumers of electricity, we are not shutting the door on any competitor
for our business. I would commend to you the text of remarks I offered to your colleagues in
the gas industry at a recent gathering in New Mexico. My theme was quite simple. In
California we are willing to explore partnership opportunities with anyone. We seek no
special terms and we are determined to resist any attempt to discriminate against us. In short
we are willing to become the partner of any progressive industry just as we are determined to
be no one’s patsy.
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Incentive Mechanisms As A Strategic
Option For Acid Rain Compliance

D.W. South, K.A. Bailey, and K.A. McDermott
Technology and Environmental Policy Section
Argonne National Laboratory
9700 South Cass Ave., Bldg. 900
Argonne, [linois 60439-4832
1 INTRODUCTION

Title IV of the Clean Air Act Amendments (CAAA) of 1990 (P.L. 101-549) establishes
the use of flexible emission compliance strategies for electric utilities to reduce the emissions
of acid precursors (SO,, NO,). To control SO, emissions, tradeable emission allowances will
be used; NO, emissions will be controlled by an emission standard, but a utility is permitted
to average NO, emissions systemwide to meet the standard. Both of these policies promote
flexibility and cost savings for the utility while achieving the prescribed emission reduction
goals of P.L. 101-549.

The use of SO, emission allowances has two notable benefits (other than the
projected reduction in acid deposition) first — a utility has the choice of a wide range of
compliance methods allowing it to minimize compliance costs and second, the use of
transferable emission allowances promote technological innovation with respect to emissions
reduction/control.!

The traditional means of pollution control has been through technology requirements,
uniform emission standards and site-specific standards (McDermott and South, 1990). None
of these options allow a utility or system of utilities (e.g., power pool) to truly minimize the
costs of pollution compliance. Through the market mechanism of a tradeable allowance,
compliance costs can be minimized by allowing utilities to take advantage of interfirm control

cost differences. In addition, traditional regulation has provided little incentive for

! See Hahn and Noll (1982) for a discussion on different means of implementing allowance trading
programs and the theoretical outcomes. For a discussion of technological innovation and the use of
environmental policy instruments, see Milliman and Prince (1990).
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technology innovation due to the relatively low rewards and uncertain acceptance of the
technology. The use of allowances give greater rewards to the innovating firm for reduced
emissions in the form of allowances freed for other uses. The use of incentive- or market-
based regulation for the control of pollution generates two important outcomes:

1. The market may not achieve the desired outcomes of compliance cost
minimization, technological innovation and reduction in acid deposition. State
regulations, price/quantity uncertainty in the allowances market, and other forces
may cause the market to under-perform leading to greater compliance costs and
less technological innovation. In this case, regulatory incentives may play a
potential role in augmenting the market incentives (embodied in Title IV, P.L.
101-549) and encourage technological development and compliance cost
minimization.

2. The use of emission allowances and command and control (CAC) emission
regulation is analogous to the use of regulatory incentives and traditional rate-of-
return regulation for public utilities. Incentive regulation or mcentive
mechanisms (such as emission allowances) give the targeted firms rewards for
such actions as minimizing operation {or compliance) costs and encouraging the
development of innovative generating (emission control) technologies.> When
traditional regulation fails to provide sufficient incentives for cost minimization
or cost saving innovations, incentive regulation may be applicable for the

achievement of these goals in the public utility industry.

% Note that emission control technology and electricity generating technologies are not mutually
exclusive. Renewable technologies such as solar, photovoltaie, hydro, wind, and geothermal, clear coal
technologies (CCTs), and second generation nuclear plants all generate much less pollution {or
negative production externalities) while lowering the incremental cost of electricity.
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This paper will examine how regulatory incentives can aid in the achievement of a
Title IV goal: cost-effective reduction of SO, emissions. In addition, the ability of regulatory
incentives to encourage the development of clean, electricity generating technologies will be
examined. Section 2 of the paper will describe why incentives are adopted, and present a
synopsis of the historic adoption of incentives. In Section 3, desirable properties of regulatory
incentives are outlined along with how to evaluate the success of regulatory incentives.
Section 4 delves into the issue of regulatory incentives for deploying/adopting innovative
electricity generating technologies to help meet the goals of the CAAA of 1990. To conclude,
Section 5 indicates the possible benefits of a well-functioning allowance market and the use
of incentive regulation to achieve the goals of improved air quality and cost-effective

compliance with Title IV of the CAAA of 1990.

2 INCENTIVE REGULATION: ADOPTION AND HISTORY

Traditional regulation of the electric utility industry has typically been concerned
with reliability of service, and established tariffs so that a utility’s total costs are
compensated. Also, a rate of return is specified for a utility’s capital expenditures in order
to attract the necessary financial capital. During the decades of the 1950s and 1960s, the
electric utility industry took advantage of increasing returns to scale as demand grew. This
resulted in continually declining rates, increased shareholder returns on equity, and satisfied
customers. Cost-plus regulation worked fairly well during a relatively stable period of
demand growth and low inflation.

During the 1970s, however, a series of supply shocks, many plant cost overruns, and
declining demand resulted in an increase in the price of electricity. In response, state public
utility commissions (PUCs) reacted by initiating retrospective prudency review, disallowances

of capital costs, and excluding abandoned construction (even partially) in ratebase. These
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actions placed the utility industry in serious financial jeopardy as earned rates of return fell
and prices rose (Seretakis, South and Rogers, 1988).

To cope with the problem of increasing construction costs, the belief that utilities
were failing to operate in a least cost manner (i.e., gold-plating or x-inefficiency) and
increasing electricity rates, two important sclution were proposed. First — the use of
incentive mechanisms — was based on the theory that the utility, given “cost-plus”
regulation, has little incentive to minimize costs and in fact may attempt to increase costs
to generate greater profits.® The second idea — the introduction of competitive forces —
was to take advantage of new technologies associated with the cogeneration of process steam
and electricity under the Public Utility Regulatory Procedures Act (PURPA) of 1978. PURPA
would require a utility to purchase excess electricity from a cogenerator at the utility’s
avoided cost. In this way, the ratepayers would not bear t':he risk of utility plant construction
and would potentially receive lower electricity prices.

But before we delve into the actual state and federal programs using incentive
regulation it may be useful to consider why incentives are adopted and examine some

misconceptions about incentive regulation.

2.1 Adopting Regulatory Incentives

As can be surmised from the experience of the 1970s, incentives have been
considered as an alternative means of regulation because of the failure of traditional
regulation to cope with a rapidly changing industry and world.* The chief failure of

traditional regulation has been in terms of nof encouraging the efficient production of

% See Averach and Johnson (1962), Kahn (1970), and Joskow and Schalmensee (1986) for the tip
of voluminous literature on incentive regulation.

! This statement is not meant to imply that tradition regulation has been a complete failure.
Traditional regulation has done a fine job in ensuring reliability and "fairness”, but lacks the necessary
mechanisms to ensure the efficient production of electricity. It is an encouraging sign that over the
years regulators have adopted numerous mechanisms designed to enhance the traditional regulatory
incentives to encourage efficiency.
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electricity given the changing economic environment. Many sources have indicated that
tradition regulation fails to assure efficiency in preduction as indicated by Kahn (1970):
regulation as such contains no built in mechanism for assuring efficiency.

To the extent that it effectively restrains public utility companies from fully

exploiting their monopoly power, it tends to take away any supernormal

return they might earn as a result of improvement in efficiency, thereby

diminishing their incentive to try.

The changes in the structure of regulatory and technological risk, as well as the
increase in environmental regulation and the change in the philosophy of regulation towards
deregulation, imply the need to explore alternative means of regulating the utility industry.
The structure of technological and regulatory risk has bheen altered due to the asymmaetry in
the reward and penalty structure of current regulatory procedures. If the utility adopts an
innovative technology and reduces costs these savings are passed onto ratepayers, while an
innovative action taken by the utility which fails results in the shareholders assuming all its
burden. Moreover, the use of ex post prudency reviews for new construction projects,
originally considered to have been prudent, has led to higher capital costs paid by customers
as financial markets react to the increased perceived risk. In addition, environmental
regulation has resulted in higher electricity rates with the use of inefficient rollback and
technology standards that do not promote efficiency. Finally, traditional regulation has not
allowed utilities to compete effectively in the more workably competitive market created by
PURPA. Utilities find it difficult to respond to competition by reducing tariffs to the
incremental cost of service for one group (industrials) in order to minimize rate increases for
other classes of customers (e.g., residential, commercial).

Incentive regulation is designed to improve efficiency, rather than as some perceive
of merely rewarding the monopoly power of a utility through additional profits. Incentive

regulation attempts to provide rewards (penalties) for operations and construction which are

efficient (inefficient). Those firms maintaining a business-as-usual approach to operations
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will not receive the benefits of the incentive and may in fact incur some penalties. The
incentive is designed to provide temporary profit from cost-reducing actions that will then be
translated into lower rates for customers over time, The incentive mechanism simply applies
standard economic motivations that recognize that a firm will not undertake an action unless
the marginal benefit (profit) it receives is greater than the marginal cost of the action. If the
actions taken are irreversible, the benefits to customers are permanent since the cost
reductions are passed-through to rates.

In the history of incentive regulation, three general cases of their use can be
identified: (1) to establish parity between different activities; (2) to compensate for
technological risk and the public goods aspect of information; and (3) to control operating and
construction costs. The most relevant case associated with creating parity can be seen in the
utility choice between implementing a supply-side option, such as new power plant to meet
load growth, or using demand-side management (DSM) to reduce load growth to that
equivalent with existing capacity. Why would their be a difference between the two options
in terms of utility choice?

Under traditional regulation, capital expenditures receive a return through rate base,
and operating and other variable expenses receive a direct passthrough to rates. The utility’s
tariffs are based in part on the need to cover these expenses. The utility generates revenues
to cover expenses through the sale of electricity. Any program, such ag DSM, which reduces
sales, and thus reduces revenue and results in lower profits, will not be implemented. If a
new plant is built to meet increased load requirements, it can be expensed through rate base
and thereby be incorporated into customer rates, resulting in continued profits. As
traditional regulation provides no incentives for a reduction in sales, DSM would result in
utility expenditures to reduce demand. The result is that the utility cannot recover DSM

costs or its lost sales, further reducing net revenue. In order to put these relatively

P-40 Clsan Coal Technology Conference Proceedings



equivalent options on equal footing, incentive regulation attempts to provide a means through
which the utility is reward for DSM to compensate for some of the negative effects generated
by its use.

Incentives can also be used to compensate for technological risk and the public goods
aspect of information. There are currently several technologies, which if developed and
commercialized, could provide electricity at lower costs and with much less damage to the
environment than conventional technologies. These technologies include: renewable resources
such a solar, photovoltaic, wind, and geothermal; clean coal technologies (CCTs); and second
generation nuclear reactors. Both traditional regulation and the effects of competition have
discouraged innovative technology adoption by creating an asymmetry of risks and rewards,
and by the existence of information externalities (Zimmerman, 1988). There are significant
risks associated with the commercialization of a technology, and the initial design and
operation costs of a new plant. If regulators treat cost overruns in a strict fashion there is
little possible reward for developing the technology. Moreover, once developed, competitors
can learn from the first project and thereby receive a comparative technological advantage
that can be used against the original developer/builder. This form of learning externality or
"free rider" effect is present in both competitive and regulated industries. It is this free-rider
problem that becomes a force in slowing and/or hampering technological growth.

Such an effect is unfortunate since it requires only 4-5 projects to perfect our
knowledge of a technology and its costs (Flaim, Seretakis and South, 1989). The capital cost
learning curve (Figure 1) depicts the possible gains from waiting in the case of free riders,
or the gains to society from accelerating adoption of new technologies. To cope with the risk
asymmetries and free rider problem, incentives can be designed to compensate or encourage
utilities (and non-utility generators, NUGs) to adopt these technologies (McDermott et al.,

1992). These incentives attempt to create a level field in terms of risks and costs of
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FIGURE 1 Capital Cost Learning Curve (Source: EPRI, 1989)

innovative and traditional technologies. In addition, it is the innovative technology that may
best aid the electric power industry (and every boiler-using sector of the economy) to comply
with the requirements of the CAAA of 1990,

Lastly, incentive regulation can be (and has been) used to encourage efficiency in
operation and construction. The incentive regulation provides an impetus for the utility to
minimize costs in order to receive greater net revenues. Greater efficiency by the utility
results in a cost savings for society as a whole. Incentives can also provide a means of

limiting the risk associated with new project construction. By providing a reward to control
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costs efforts will be expanded to minimize cost overruns and promote a level of stability in

capital cost forecasts. These effects are depicted in Figure 2.

2.2 Historical Use Of Incentive Mechanisms

The use of incentive regulatidn can be traced back to 1855 with use of the sliding
scale rate-of-return approach by the Sheffield Gas Act of 1855 (Evetts, 1922). However,
incentive regulation has never been adopt in any wholesale manner, but more in a piecemeal
manner aiming at encouraging efficiency (Johnson, 1985). Regulators in the past have used

the following incentives:

regulatory lag

* automatic rate adjustment

* zone-of-reasonableness rate-of-return
* prudency/used and useful tests

* fuel adjustment clauses

* operating incentives

* construction incentives

¢ incentive rate of return/sliding scale plans.

2.2.1 Programs and Description
Among the generic approaches, state regulators have attempted to formalize the

concept of the zone-of-reasonableness for rate-of-return calculations as a means of stimulating
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efficiency.® Florida, Michigan, South Carolina, and Virginia have all employed rate-of-return

adjustment mechanisms that are considered to produce returns that are still fair but provide

for penalties and rewards (Nolan, 1981). Perhaps the most formal zone of reasonableness

mechanism was that developed by New Mexico known as the COSI plan (Cost of Service

Index) where a formal zone of reasonableness for equity returns was defined along with a

% Prior to the Hope Natural Gas Case, it was established that a "fair” rate of return would lie
within a "zone of reasonableness” that would be determined as a question of fact by an administrative
tribunal, see Federal Power Commission V. Natural Gas Pipeline Co., 315 US 575, 585-86 (1942)

where it was noted that:

By long standing usage in the field of rate regulation the ’lowest reasonable rate’ is one
which is not confiscatory in the constitutional sense . . . assuming that there is a zone of
reasonableness within which the commission is free to fix e rate varying in amount and
higher than a confiscatory rate, . . . the commission is also free under Section 5 (a, 15 USCA
Section 717d a) to decrease any rate which is not the "lowest reasonable rate’. It follows that
the Congressional standard prescribed by this statute coincides with that of the constitution,
and that the courts are without authority under the statute to set aside as too low any
reasonable rate adopted by the commission which is consistent with constitutional

requirements.

From this it would seem the rate-of-return must be set equal to the cost of capital in order to ensure
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a chance that the companies market value will equal book value and hence avoid the issue of
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formal lag adjustment period which allowed the utility to reap the reward of returns above
the maximum for a specific period and which punished the utility for returns less than the
minimum. At the time of adjustment the rates are adjusted to bring the utility back within
the zone; see Kaufman and Profazich (1979).

The so-called "sliding scale” approach was employed in England during 1855 where
the Sheffield Gas Act of 1855 permitted the company to pay a dividend of 8% if gas prices
were over 84 cents (Evetts, 1922). It could, however, declare dividends of 10% if the price
was less than this level. In the United States the Washington Plan was employed from 1925
to 1955 to regulate Potomac Electric Power Co (Holthausen, 1979). If the companies earnings
rose above 7.5% the rates would be lowered in the following year to absorb half the excess.
If earnings fell below 7.5% for five years, 7% for 3 vears or 6.5% for one year, rates would be
increased to allow a 7.5% return.

The FERC has contemplated a sliding scale type mechanism in the Alaskan gas
pipeline case. There the incentive rate of return (IROR) mechanism explicitly accounted for
the risks created by the introduction of the mechanism itself with the result that a "risk
premium" would be included to compensate in part for this additional risk in order to
maintain capital attraction and compensate for the business risk associated with the project.®

Besides the incentive mechanism focusing upon the rate-of-return, states began in
the late 1970’s to employ lag mechanisms in the treatment of automatic fuel adjustment
clauses. These lags were designed to induce efficient fuel choice and to minimize the fuel cost
and purchased power expenditures of the utilities (FTC, 1977; ICC, 1979). The problem
facing regulators in the 1970’s involved rapidly rising fuel costs due in part to the OPEC oil
embargo. Regulatory lag as an incentive, in effect, transferred more of the risks to utilities

than warranted by conditions. Likewise, an automatic fuel adjustment clause resulted in the

® Order No. 31, Determination of Incentive Rate of Return, Tariff and Related Issues, June 1979,
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consumer bearing the full cost of fuel purchasing decisions, insulating utility management
from the cost of errors. Automatic adjustments also did not provide any incentive to utility
management to investigate ways to minimize costs.

Two approaches were employed in order to assure a sharing of these specific and
unique risks arising in the fuel supply market. One approach was a time-employed lag in
the adjustment process that forced the utility to cover the difference between the present
revenue allowed for fuel costs and actual fuel costs (Violette and Yokell, 1982). This
ostensibly created an incentive for utility managers to employ management techniques that
would minimize the difference in costs and thereby reduce the future price increases faced
by consumers. The second technique was the establishment of a target fuel price based on
appropriately weighted market prices for boiler fuels. This was then combined with an
adjustment process that would allow a partial pass-through or price reduction that was based
on the difference between the actual and target fuel costs. For example, if actual fuel costs
were higher than target fuel costs by one cent per kWh, the adjustment mechanism would
allow a one-half cent increase in fuel costs. Likewise, if actual fuel costs were below the
target a one-half cent decrease wouid be passed-through to the customer.

This is an example of how specific incentive mechanisms can be employed to address
unique risks associated with specific aspects of a utility’s decision-making process. Such
mechanisms can have a profound effect on hoth short-and long-run decisions. The fuel
adjustment incentives influence the dispatching of power, the maintenance scheduling of
plants, and fuel purchasing strategies in the short-run. In the long-run such mechanisms
influence the plants selected for future construction, long-term purchasing strategies on the
bulk power market, and the speed of new plant construction. In designing such incentive
mechanisms, care must be taken to evaluate both the short-and long-run implications to

ensure that a strategy is adopted that minimizes long-run utility service.
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Many states are beginning to analyze and adopt objective efficiency standards that
are used as a basis for adjusting a utility’s allowed rate-of-return upward or downward.” In
some cases management audits are used as the basis of evaluation,” while in other cases
measures of overall productivity are employed to evaluate a utility’s success in controlling
costs and managing operations correctly (Crew and Kleindorfer, 1987; Seagraves, 1984;
Baumol, 1982; Gale, 1982; Costello, 1984). More recently, measures of total factor
productivity have been examined by both state commissions and utilities. For example, Otter
Tail Power Company has been employing a total factor productivity program internally since
the early 1980s.® The employment of such mechanisms and measures is indicative of the
industry’s recognition of the need to provide rewards to offset risks, and rewards
(punishment) to management for making good {bad) decisions.

Risk asymmetries and the level of risk has also been regulated. Whereas in the past
risk analysis was relegated to the analysis of the allowed rate-of-return, in today’s
environment risk analysis is employed in construction, fuel choice, conservation, and other
important policy decisions of both companies and PUCs.

Risk sharing mechanisms are employed to lower the ultimate costs of transactions."
Risk sharing issues arise before regulatory commissions on a broad range of questions from
rate design, fuel cost recovery, excess capacity and construction planning. One of the most
frequently employed forms of risk sharing used in regulation today is the phase-in of rate
base additions. By adopting a phase-in approach regulators achieve a number of objectives,

including the sharing of new plant costs between utility stockholders and consumers. If it

" See Standards for Public Utility Management Efficiency, 1985, 65 PUR 4th 189, Iowa S.C.C.

* See Management_Audits, Electric Utilities, 1986, 73 PUR 4th 66, 68, West Virginia P.S.C.

* See Kjellerup (1984, 1985, 1988) for an in-depth discussion of the Otter Tail program and
references therein.

' See Stutz (1986) and for a counter perspective see Markham (1988) — this article lists 21
w—tiammples of risk-sharing cases heard hefore regulatary commissions
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is known in a prospective fashion that costly plants will be phased-in rather than placed in
rate base all at once, the utility will have an incentive to minimize construction costs. Phase-
ins are also used to (1) reduce rate shock, (2) maintain rate stability, (3) match benefits and
costs of a plant to customers over time, and (4) preserve the financial integrity of a utility.

Another approach to risk sharing is the use of prudence reviews, where the
reasonableness of construction expenses are evaluated and any part disallowed is considered
to represent the stockholders share of expenses. The problem with prudence reviews lies in
the ambiguity surrounding the definition of prudence.!

The risk that a full recovery of costs may not occur can lead some utilities not to
undertake investments that are of a legitimate nature. As much as 35.9% of a plant’s
construction costs have been disallowed from rate base in the case of Nine Mile Point Unit
2 in New York, with an average of 15.9% disallowed for the twelve plants considered as of

1987 (Laros and Houbould, 1987).

2.2.2 Initiatives Promoting Development of New Incentive Mechanisms
Historically, incentive regulation has concentrated on construction and production
efficiency; the appropriate mechanisms were used to further these goals. Today, incentive
regulation is needed for a wider range of problems involving resource choice and technology
adoption. The growth of integrated resource planning (IRP), passage of the Clean Air Act
Amendments of 1990 (P.L. 101-549), and increased federal interest in a national energy policy

has led to a recognition that new incentives are needed to address these initiatives’ goals.

" The first attempt at such a definition was given by U.S. Supreme Court Justice Brandeis:
The term prudent investment is not to be used in a critical sense. There should not be
excluded from the finding of the vase, investments which, under ordinary circumstances,
would be deemed reasonable. The term is applied for the purpose of excluding what might
be found to be dishonest or obviously wasteful or imprudent expenditures. Every investment
may be assumed to have been made in the exercise of reasonable judgement unless the
contrary is shown.

Separate, Concerning opinion of Justice Brandeis, Missouri ex rel. Southwestern Bell Telephone Co.

V. Missouri Public Service Commission, 262, US 276, PUR 1923C 193, 1923,
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Like least cost planning, IRP attempts to choose the mix of electricity conservation
and capacity supply resources that generates the maximum amount of net benefits to the
citizens of the state in question.'”® These benefits not only include efficient electricity
production, equity, and reliability, but also concerns over local/state/regional (even global)
pollution, the use of state produced resources (i.e., coal, oil, natural gas), and overall effects
of IRP on the state economy. As mentioned previously, there is a disparity of value between
utilities choosing capacity versus DSM. Incentive regulation to balance these options has
already been enacted in several states such as New York, Colorado, Wisconsin, Michigan,
California, and Washington to name a few (NERA, 1991).

Title IV of the CAAA provides utilities with an incentive to reduce SO, emissions in
the most cost-effective manner as possible. Regulatory treatment of SO, allowances will
create important incentives for differing compliance options. The treatment of ailowances
and compliance options will have important implications for the future development of this
market and will effect the costs of compliance. Compliance costs in turn will impact rates
and the state economy.'®

At present three important incentive regulations can be considered under the CAAA
of 1990: first is the treatment of allowances within a utility’s cost structure; second is the

issue of preapproval and prudency reviews; and third is incentives for technological adoption.

12 IRP has also been examined on a regional scale to deal with problems such as cross-border
pollution and multistate utility holding companies. The IRP issue on a regional scale may be a more
divisive project because of individual state’s attempts to maximize their own welfare with less concern
for other states in the region. Regional planning has occurred in the northeast states covered by
NEPQOOL (Vine, Crawley and Centolella, 1991},

* An extremely important issue is the potential conflict between the goals of the CAAA of 1990
and state [RP. From the Act’s perspective, cost-effective compliance and achievement of SQ, reduction
is the chief goal. For the state, utility compliance actions such as scrubbing or fuel switching may
come in conflict with the state's least cost plan. An example where the goal of the Act and IRP come
into conflict is the issue of fuel switching to low sulfur coal in high sulfur coal producing states. While
it may be optimal from the utility perspective to fuel switch, the cost of this fuel switching may impact
the state’s economy greatly. The state may find that restricting compliance choices will lead to a more
optimal solution. This issue remains to be resclved and will have important implications for the
success of both the Act and IRP.
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Optimally, allowances should be included in a utility’s total cost in such a manner as to
prevent distortions in the choice of compliance option. " Preapproval and prudency reviews
provide an important incentive for purposes of risk sharing and reducing compliance costs,
Through the use of preapproval, the utility can be assured that a chosen option (which is
favored by the state) will be allowed into rates, thereby mitigating any inefficient hedging
behavior on the utility’s part.”” The third incentive encourages certain technological options
that may be optimal from a state and even a utility perspective, but may not be optimal in
terms of aggregate compliance costs for the Title IV program. These incentives include:
preapproval of technology choice (scrubbers), tax credits for using lacal coal, and accelerated
deprecation on certain technologies (CCT, scrubbers).'®

The National Energy Strategy (NES) as envisioned by Congress and the
Administration will attempt to:

reduce the Nation’s dependance on imported oil, to provide for the energy
security of the Nation and for other purposes... (8.1220)

The NES attempts to achieve a wide range of goals including, (1) the development of new,
cleaner, innovative electricity generating technologies, (2) improving competition in the
natural gas and electricity supply markets through the "Mega-NOPR" and revisions to
PUHCA and PURPA, (3) improved transmission access, (4) improved corporate average fuel
economy (CAFE), (5) open additional lands for exploration of oil and gas reserves, and (6)

reduced emissions of criteria and greenhouse gas pollutants through these measures.

'* For further details on the various methods of allocating the value of SO, allowances, see Rose
and Burns (1991). In addition, some states may find it optimal to distort compliance option choice,

' This behavior could include a wide variety of compliance options that the utility may expend
manpower and capital to examine instead of cheosing the option that best fits the utility’s needs.

' In addition, legislative mandates have been passed requiring scrubber use and local coal use.
—utg Section 5,
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Of particular interest to incentive regulation is the desire to promote innovative
electricity generating technology.'” Within Senate Bill 1220, Title XIV, Section 14204, the
FERC is authorized to allow incentive regulation including incentive rates-of-return (IROR)
and accelerated depreciation along with other incentives of its choosing in determining
wholesale rates for the development of CCTs. The FERC is also prompted to encourage
states to adopt incentives for CCTs. The incentive program would run for 5 years which
could be extended. Cost caps and preapproval prudency for CCT projects that fall within
these caps would be allowed along with prohibiting states from including CCT demonstration
projects within a utility’s avoided cost.

In addition to the incentives indicated in S.1220, the CCT program solicitations have
allowed joint federal, state, and private funding for the development of CCTs. The use of
regulatory incentives in this case is to overcome risk asymmetries, technological risks, and
the "free rider” problems associated with any innovative technology.

Several states have already implemented CCT incentive regulations within their
responses to the CAAA of 1990. The high sulfur coal state’s incentives are listed in Table 1.
These regulatory incentives can be seen as addressing the problems of IRP, least cost
compliance with the Act, and furthering the NES. Section 4 will more fully describe the issue

of incentive regulation for technological development and issues surrounding CCTs.

3 PROPERTIES OF INCENTIVE MECHANISMS

Incentive regulation is able to address a wide variety of efficiency issues through a
varied array of mechanisms. However to be effective, the incentive mechanism must have
certain desirable properties (see McDermott, 1980). Without these properties the incentive

at least will be nothing more than wasted work hours spent drafting the regulation, and at

" Revisions to the structure of the industry (PUHCA), competitive procurement, and transmission
are all extremely important regulatory issues. In particular, incentive regulations applied to the
procurement of power and the opening of transmission grids may be particularly interesting as an

incentive applicati x
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Table 1 High Sulfur Coal States and Compliance Responses to Title IV

State Incentive Programs

Source: Illinois Senate Enrolled Act 621; West Virginia Code Chapter 24,-2-1g, Article 2g;
Clean Coal/Synfuels Letter, Pennsylvania Coal Plan Provides Support for Newer Technologies,
May 6, 1991, p. 1,3; Indiana Senate Enrolled Act 514; and Ohio Senate Bill 143.
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worst distort the market causing undesirable effects on reliability and rates. The regulatory
incentive mechanism should be (McDermott and South, 1991):

1. symmetric

2. non-distortionary

3. administratively feasible

4. rewards and penalties tied to managerially controllable outcomes

5. forward locking, not historic

6. easy to monitor and evaluate performance.

One factor that must be recognized with incentive regulation is that all penaities and
all rewards can distort the behavior of the affected party.'® The regulatory incentive should
reward the utility for good performance while imposing penalties for bad performance.
Traditional regulation has tended to distort the performance/reward risks of the utility
industry. Cost savings on the part of the utility have resulted in the savings being passed
on to ratepayers. Poor performance, however, has always been penalized by the regulators,
stifling potentially cost-saving attempts by utilities. If a firm manages to generate cost
savings because of greater efficiency or taking a risk, the shareholders should be entitled to
keep a significant share of the benefits. Conversely, bad performance should be penalized
and not treated in a business-as-usual fashion. The symmetry of rewards and penalties will
push firms towards operating in a more efficient manner.

An important issue that the regulatory community has not addressed is the tendency
to apply incentive regulations in a piecemeal fashion (Johnson, 1985). The tendency has been
to concentrate the incentive on individual cost components such as fuel costs, capital costs,
the rate of return, construction costs, etc. While these incentive programs are valuable for

assuring efficiency in these areas, there may be a case for too much effort being applied to

'® The magnitude of the distortion in many cases is uncertain. One of the chief problems of
policymakers is determining by "how much” a policy will alter behavior. With little knowledge about
the magnitude of effects, the policymaker may find costly projects having too little effect or having
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a particular utility component (such as fuel purchases) while ignoring other areas where no
incentive is offered, but savings could be made. Incentive regulation which is tied to a
narrow target or activity may result in distortion of management effort allocation.'

Administrative feasibility of the incentive is also extremely important for its success.
Factors such as ease of estimation, understandable outcomes, flexibility, ease of
implementation, ease of monitoring, "dovetailing” with current regulation, and legality are
all factors that must be considered before and during the period that the incentive is
implemented.

Ease of estimation embraces determining the magnitude of the incentive required
for program success, and relative easy by which the incentive-to-impact magnitude can be
determined. Incentive mechanisms that are extremely difficult to calculate may result in too
many resources being devoted to a project with relatively little gain. Understandable results
are necessary to determine program success (i.e., was this effect caused by the incentive or
something else?), and if the incentive should be altered in type or magnitude. A incentive
program with demonstratable success may indicate that this mechanism can be applied to
other problems successfully.

Flexibility of the incentive is required in order for successful implementation. Ax
incentive program that is not able to be applied in most typical utility situations (general
construction, operations, fuel purchases) may be useless. Excessive reporting requirements
and restrictions on when the incentive can be used also reduces flexibility. The ease of
incentive program implementation will effect both regulator and utility costs. Low start-up

costs will reduce the resource burden on the regulator and allow the utility to take advantage

* An analogy can be drawn with respect to the Averach-Johnson argument that rate-of-return
regulation encourages over-capitalization. Traditional regulation allows a return only on capital
expenditures, all other expenditures are simply passed through with no gain to the utility. Therefore,
the utility has an incentive to purchase more capital because of its greater rewards. This is similar
to the misallocation of managerial effort on "parts" of the utility where additional returns may be
generated. Time allocated to these sectors results in too much effort being allocated while other efforts
may suffer. A point can be made for incentives tied to a narrow target if the target is so important

] i . E m 1d 1t in tremendans efficiency (or gimilar gnail gginq
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of the incentive as soon as possible with lower adjustment costs. Program delays, slow starts,
and expensive start-up costs may prove too labor intensive for regulatory agencies and will
encourage utilities to continue operations as before because of the greater costs to adopt the
incentive.

The ability to monitor progress and evaluate performance is essential. Monitoring
combined with penaities and rewards constitute the major input by regulators into the
process. Without penalties for noncompliance or the ability to engage in false reporting of
results, the regulated agent has an incentive to avoid compliance. The result in the case of
incentive regulation for public utilities would be little progress towards more efficient
operations and greater costs to ratepayers. With monitoring present, incentives to evade
compliance or "cheat’ are reduced. An incentive program that is difficult to successfully
monitor (high probability of nondetection of violation) and costly should not be implemented,
but rather a simpler program with possibly more modest goals and greater chances of success
should developed.

The ability of the program to dovetail or fit into the present regulatory regime is also
necessary for program success. The regulatory incentives should complement each other to
aid in the reaching the goal of greater efficiency. Contradictory regulations and incentives
will produce greater costs for ratepayers, shareholders and regulators, and result in uncertain
program results. Finally, the program must be legally viable, Illegality resulting from
improper restrictions on property use, methods of accounting, conflict with federal law, or
unjust favoritism will result in wasted effort on both the regulator and utility’s part. An
incentive that results in extensive (and expensive) litigation because of its faults results in
a loss to all the parties concerned.

The regulatory incentive should also be linked to factors that the utility management
has control over. For events such as fuel shocks, recessions, high inflation, or acts of God,

the management of the utility has very little ability to diversify away from the risks of these

Clean Coal Technology Conference Proceedings



occurrences (with the possible exception of some fuel risks). The incentive should attempt
to isolate these effects and render them neutral for purposes of assigning rewards and
penalties.” Management still should maintain prudent levels of reliability and precautions
against force majeure events to minimize costs, but the incentive should not penalize if
prudent preventions were taken.

Lastly, incentives must be forward looking in order to preserve fairness and
encourage efficient behavior. Retrospective incentives which punish firms for actions not
taken in the past is clearly unreasonable.?

Finally, the results and performance of the incentive program should be evaluated.
Questions regarding the achievement of improved performance, minimization of risk, and
elimination of distortions in investment, activities and effort should all be examined. Those
regulatory incentives which showed success in one or any of these categories may be able to
be applied successfully to other problems. If the incentive failed to act as desired then the
issue of what can be done to improve the instrument, or the need to discard the incentive,
can be discussed.

Incentive regulation can (and has shown itself to) be a powerful tool to achieve more
efficient utility operations. For the incentive to be effective, the regulator must address a
variety of potentially difficult questions about its function and effect on the regulated party.
To determine if the incentive was able to achieve desired outcomes, the incentive program
must be evaluated.

Section 4, will present the regulatory problem of innovative technological adoption

and regulatory incentives needed to achieve the implementation of the technology. Incentive

# This, however, is easier said than done. For example, construction of a capital-intensive plant
will be affected by events such as inflationary trends, changes in the cost of capital, labor problems,
and technological difficulty. A cost cap incentive could be adjusted for inflationary pressures or
unforseen spikes in interest rates, or labor unrest by raising the cost cap to match the price increases.

¥ This is true as it may pertain to projected construction, fuel supply contracts, and similar
activities. Retrospective regulation when one considers issues of hazardous waste disposal penalties
for improper disposal may be entirely reasonable such as EPA’s Superfund program.
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regulations for the adoption of CCTs serves as a means of commercializing a valuable
technology and achieving some of the goals set forth in the Title IV of the CAAA of 1990,

namely the reduction of SO, in a cost-effective manner.

4 CLEAN COAL TECHNOLOGY INCENTIVES AND THE CLEAN AIR ACT
AMENDMENT OF 1990

The central problem with the development and commercialization of innovative,
electricity generating technologies has been the exposure to excessive technological risk and
the associated regulatory risks. Given the uncertainty regarding construction and operating
costs, and the risks of under-performance or failure to operate in terms of heat rates,
downtime, and pollution control, the innovative technology faces significant hurdles in the
traditionally conservative utility industry. Under traditional regulation, reliability and an
asymmetry of risks and rewards tends to force capacity choice away from riskier technological
options. In addition, regulators will be concerned that insufficient incentives exist for the
utility to control the construction costs of a new plant. In effect, a dual incentive mechanism
must be created — it must offset the technological risks and provide an incentive to cost-
effectively complete the project.

In part, the Clean Coal Technology Program (CCTP) solicitations has helped advance
the development and deployment of CCTs in industrial boiler, independent power producer
and utility applications. With the CCT solicitations some of the development and
implementation risks have been reduced by federal and state funding grants. However, the
widespread commercialization of CCTs may still be years away.”®* In order to compensate

for the extraordinary risks associated with CCTs, and the presence of free rider behavior,

2 The incentives and barriers to CCTs should be considered the same as most types of innovative
technologies. The central difference separating these coal technologies from. other innovative
technologies is the fuel. The general perception of coal is as a fuel that results in high emissions of
80,, NQ,, particulates, and CO,. The CCT project may find siting difficult due to these perceptions,
although siting may be easier in the face of perceptions rather than technical needs associated with
wind, solar, and geothermal energy; the perception problem also affects second generation nuclear
reactors.
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regulatory incentives are needed to promote the commercialization of CCTs. The eventual
commercialization of CCTs is desired due to perceived low operation costs, CCTs use a
plentiful, low cost fuel, and CCTs generate significantly less SO,, NO,, particulate, and CO,
emissions relative to conventional coal-burning technologies. The availability of CCT as a
compliance option for Title IV of the CAAA of 1990 would greatly aid utility compliance and
could generate additional benefits for the utility.

The regulatory incentives for CCT commercialization can be divided into two
categories: regulatory incentives to reduce the risks of adopting CCT (innovative technology)
and incentives that reward risk taking. The ICTAP (1989) report indicates four central risks
associated with adopting an innovative technology, and in particular CCTs: capital risk,
operating risk, regulatory risk and environmental risk.

These risks can be described briefly as follows: Capital risks are associated with the
possible loss of either or both the return on capital and/or the return of capital. This can
occur when a PUC disallows all or portions of the utility’s construction costs, or reduces the
allowed rate of return on its investments. Operating risks are associated with the potential
failure of the plant to perform up to its expected efficiency or fails to operate entirely.
Regulatory risk is a generic term encompassing the PUCs treatment of operating and capital
expenses within the regulatory process; for example, prudency or used and useful
disallowances. Environmental risk entails the possibility that the technology adopted or
construction site will not meet local environmental standards. Each of these risks or a
combination of them are faced by a utility adopting a new power plant technology.

Incentive regulation can serve a mitigating role for the risks faced by innovative
technology development. The following incentives are proposed to aid in the reduction of
risks and presenting rewards for risk taking., The incentives are:

1. Prospective prudency

2. Prudent abandonment rules
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3. Accelerated depreciation

4. Rate-base treatment of deferred taxes

5. Construction work in progress

6. Avoided cost rate adjustments

7. Expensing demonstration costs

8. Incentive rates of return

9. Amortization of abandon/canceled plants

10. Pre-approved capital expense caps

In Table 2, each of the alternative incentives are classified with respect to the risk
addressed and whether they are risk reducing or reward incentives. In some cases the
incentive is capable of mitigating more than one type of risk and could serve as either a risk
reducing or reward incentive. As mentioned in Table 1, the states producing high sulfur coal
havc implemented some of these incentives, with West Virginia the farthest ahead in
implementing regulatory incentives.

Prudency rules, whether they cover new capital costs, or the abandonment or
cancellation of a plant, are essentially designed to reduce the capital cost and regulatory
risks. If utility management understands the rules under which they are making investment
decisions, the elimination of these uncertainties will result in a more cost-effective set of
decisions. Preapproved capital expense caps act in a similar fashion with the additional
advantage that a financial reward can also be earned if construction costs can be kept below
the cap level. This could be achieved by allowing the utility to place in rate base the expense
cap when actual construction costs are less than that level.

The amortization and depreciation programs provide an accelerated return of capital
to the stockholders which, in a present discounted value sense, increases the reward to

stockholders and shortens the payback period of the investments. Construction work in
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TABLE 2 Risk Classification

Performance/ Environmental
Capital Risk Operating Risk Regulatory Risk
Risk
Reduce Prospective Rapid Eliminate Pre-approval
Project Prudency Amortization of Retroactive Accelerated
Risk Preapprove CCT Used and Siting Process
Capital Expenditures Useful Tests
Expense
Caps.
Construction
Work in
Progress
(CWIP)
Reward Incentive Immediate Cost Prudent Discretionary
Risk Rate of Recovery Abandonment  Use of Bonus
Taking Return through FAC's of Rules Emission
CcCct Allowances
Ezpenditures Amortization
of Abandoned/
Canceled
Plants

Additional Cost
Recovery via
Avoided Cost
Pricing for CCT

progress (CWIP) works in a similar fashion but has the added advantage that the cash flow
occurs during the construction period, while the amortization/depreciation programs provide
cash flow after the projects completion. By providing cash flow during construction additional
savings can occur from reduced borrowing needs.

Under the accelerated depreciation program intertemporal cash flows are altered by
the change in the timing of the companies tax bill. If the deferred taxes that accumulate are
treated as a rate-base item the stockholders will earn an additional return on the project.
By expending some or all of the project’s costs, a utility reduces the investment payback

period and acquires an accelerated cash flow. Once again, if these costs are passed through
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to customers during the project it acts like CWIP in reducing the overall financing costs of
the project.

With regard to IROR, regulators have a number of options available. They could
estimate what the premium for undertaking similar risks is within the capital market and
allow the utility to earn this rate on that portion of the companies rate base associated with
the CCT plant. Alternatively, they could simply prescribe a return that is sufficient to induce
utilities to adopt CCT projects.

In many cases a combination of these policies is available that simultaneously offset
risks and provide rewards for controlling project costs. In some cases, regulators may allow
utilities to reveal their own preferences by selecting the incentives of their choice to either
offset risks or be rewarded for bearing risks in conjunction with cost control incentives. Since
not all firms or managers have the same preferences towards risk bearing, allowing a choice
of incentives will reach a larger portion of the utility marketplace.

How does the use of regulatory incentives aid in achieving the goals of Title IV/CAAA
of 19907 In Section 1, we briefly characterized Title IV as having two goals: the first goal is
the reduction of acidic precursors which cause acid rain, the second is the compliance
flexibility granted utilities by the use of transferable SO, allowances. The flexibility
generated by the allowance program results in an overall savings with respect to compliance
costs. One of the important properties of allowances envisioned by economists is the
additional incentive created for technological innovation of pollution control technology. If
the innovator is able to control emissions at a much lower cost he would control emissions
until the marginal cost of control is equal to the market price of the allowance. So, the firm
reduces emissions and has allowances available for sale. The firm has created value by

reducing emissions (see Figure 3).
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FIGURE 3 Excess Allowances Create Value

The incentive for cost minimization and innovation through the use of the market
may, however, be stifled if (1) regulatory barriers to trading, (2) utility hedging of allowances,
or (3) distortion-causing regulatory incentives (i.e., scrubber incentives, mandating
technologies and fuel use) are employed. A danger exists that incentives, which explicitly
distort economic choices facing a utility, will limit the ability of the market to develop, and
consequently, the utility will rely less on the market to achieve compliance. The result may
be greater costs for shareholders, ratepayers, and society. Regulatory incentives, if properly

applied, can help to achieve cost-minimizing compliance with Title IV and help promote
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innovation of more environmentally-benign technologies. The way to achieve lower
compliance costs with Title IV is to directly reward the innovation of such technologies.
Regulatory incentives for the reduction of risk and the encouragement of risk taking
for promoting innovative technologies is desirable. The regulatory incentive will be
nondistorionary since it reduces uneconomic risks, such as technological and regulatory risks,
and creates a level playing field. Incentive regulation can be used to overcome the free rider
problem as innovative firms are able to reap greater rewards. And repowered or greenfield
CCTs (or other innovative technologies) result in allowances being freed for other uses

creating value.*

5 SUMMARY AND CONCLUSIONS

The use of tradeable SO, allowances fundamentally alters the means by which
pollution will be regulated. Additional market/incentive-based instruments for environmental
protection have been proposed for the control of greenhouse gasses, stratospheric ozone
depleters, tropospheric ozone control, water-borne pollutants, and solid waste disposal. The
harnessing of private information and the market should encourage cost-effective compliance
with the mandated standards. In addition, incentive mechanisms stimulate greater
innovation as emission reduction can generate greater cost savings than command and
control approaches.

In terms of Title IV of the CAAA of 1990, incentive regulation can also play almost
as important of a role as emission allowances. Two scenarios can be envisioned. In the first,
the market fails to develop in a timely manner resulting in greater compliance costs and less

technological innovation. Incentive regulation can serve several mitigating roles. Regulation

® It is possible that the use of innovative technologies via repowering or new construction
{greenfield) will not be the least cost solution to compliance. In these cases, incentive regulation from
a societal point of view is still optimal as it reduces risk asymmetries and reduces the free rider
problem. However, the use of CCTs (or other innovative technology) may not be the optimal
compliance method for a utility system when compared to fuel switching or scrubbing,
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can be promulgated insuring nondistorionary treatment of allowances. This will in-turn
encourage cost-effective choices of control equipment, which should transfer this cost
information into allowance market price signals, hopefully reducing market uncertainty.
Prospective prudency review may also encourage quicker and lower cost market formation.
Early approval of compliance choices will aid the utility cost mintmization without having to
devote efforts to hedging behavior to protect against unfavorable prudence reviews. Incentive
regulation can serve the role of promoting innovative technology via "level playing field" for
all compliance options where the individual costs and merits of each technology can be
judged. Technologies such as CCTs can greatly aid in utility compliance, controlling SO,
emissions to a point where excess allowance are freed for other uses.*

The second scenario is the allowance market for SO, does development in a timely
manner and results in compliance cost savings (as compared to command and control) for the
electric utility industry. What role can incentive regulation play? Incentive regulation can
be used to further promote efficient utility operations in terms of power procurement,
operations, fuel procurement and the like. Incentive regulation can also aid the development
of innovative technologies. The combined incentives from regulation and the SO, market may
result in a faster adoption of technologies such as CCTs.

The issue of IRP and Clean Air Act compliance has already been alluded to. The
conflict between state goals of achieving the maximum welfare from it energy use and the
cost minimizing goal of Title IV may conflict. The PUCs will encourage the use of compliance
options which, for example, maintain their high sulfur coal markets by the use of scrubbers.
While this policy may be judged the best form the state’s view, from a utility and social

standpoint, if scrubbing is not the least cost option, the policy is nonoptimal. Technology

* A variant of Scenario 1 is that the PUC creates distortionary incentive regulations that results
in greater compliance costs for the state’s utilities. In this case, the motivation to use incentive
regulation to aid the development of a allowance market with efficient prices and optimal compliance
option choices is limited. Incentive regulation may, however, be used by states to encourage the
development of technologies that fosters state [RP and is optimal from a compliance cost standpaoint.

P-64 Claan Coal Technology Conference Procesdings



forcing and trading restrictions by PUCs may limit the effectiveness of the SO, allowance
market.

Incentive regulation may be used to achieve IRP goals and Clean Air Act goals even
when they are in conflict. For high sulfur coal states, incentive regulation for the promotion
of CCTs may serve the purposes of continuing maintenance of high sulfur coal markets and
offering a least cost compliance option for the state’s utilities. The allowances freed by
developing CCTs may then be used to offset the cost of the incentive for shareholders and
ratepayers.

Incentive regulation provides a powerful tool that can be used to achieve greater
efficiency in the public utility industry. Through balancing resource choices, promoting cost
efficiency, and reducing asymmetric risks, incentive regulation has the potential to reduce
the societal cost of producing energy. Incentive regulation is also an important tool for
compliance with Title IV of the 1990 CAAA. The nondistoricnary use of incentives can aid
the formation of a well functioning allowance market and promote innovative technology. In
the event of market failure, incentive regulation can in many ways "jump start’ the market
buy encouraging trading and cost-effective compliance, and aid in the development of low cost
control options. Thus, incentive regulation has important role to play in Clean Air Act

compliance and all the potential conflicts that may arise between it and state interests.
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DOE/CCT
CLEVELAND, OHIO
SEPTEMBER 23, 1992

IMPLICATIONE OF THE CLEAN AIR ACT
AMENDMENTS OF 1990 ON COAL-BASED
ELECTRIC CAPACITY PLANNING

I AM PLEASED TO HAVE THE OFPORTUNITY TO SHARE SOME OF OUR
EXPERIENCES IN INDIANA REGARDING THE IMPACT OF THE 1930 AMENDMENTS
TO THE CLEAN AIR ACT ON CAPACITY PLANNING BY OUR STATE'S MAJOR
ELECTRIC UTILITIES, EACH OF WHICH HAS A PREDOMINANTLY COAL-BASED

GENERATING SYSTEM.

AS A FOQUNDATION FOR MY REMARKS, PLEASE UNDERSTAND SOME BASIC

FACTS ABOUT ELECTRIC GENERATION IN OUR STATE:

1. NEARLY 95 PERCENT OF ELECTRIC GENERATION IN INDIANA IS
COAL-BASED, WITH THE VAST MAJORITY OF THE COAL USED BEING HIGH
SULFUR ILLINOIS BASIN COAL. OUR STATE IS BLESSED WITH SUBSTANTIAL
RESERVES OF SAID COAL LOCATED LARGELY IN THE SOUTHWESTERN CORNER
OF INDIANA. ADDITIONALLY, THE ECONCMY OF THE STATE AS A WHOLE AND
THAT GEOGRAPHIC REGION IN PARTICULAR IS SIGNIFICANTLY INFLUENCED

BY THE HEALTH OR LACK OF SAME OF THE COAL INDUSTRY.

2. THE INDIANA GENERAL ASSEMBLY, OF WHICH I WAS ONCE A

MEMBER, HAS ENACTED SEVERAL RELEVANT STATUTES IN THE PAST DECADE.
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(A) A CERTIFICATE OF NEED STATUTE PASSED ORIGINALLY IN
1983 WHICH IS ESSENTIALLY A PRE-APPROVED GUARANTEE OF BOTH THE
NECESSITY OF GENERATING CAPACITY AND THE RECOVERY OF THE COSTS
OF CONSTRUCTING SAME. THIS STATUTE ALSO NOW INCLUDES LANGUAGE
WHICH REQUIRES THE COMMISSION TO DEVELOP A STATEWIDE PLAN FOR
CAPACITY INCREASES AND ESTABLISH A UTILITY FORECASTING GROUP
AT PURDUE UNIVERSITY TO PROVIDE TECHNICAL EXPERTISE TO THE
COMMISSION IN THIS AND OTHER TASKS. THE MEMBERS OF THAT GROUP
NOW ROUTINELY TESTIFY AS THE COMMISSION'S OWN WITNESSES AT

CERTIFICATE CF NEED PROCEEDINGS;

(B} A LAW ALLOWING CONSTRUCTION-WORK-IN-PROGRESS (CWIP)
RATEMAKING TREATMENT FOR PROJECTS NECESSARY FOR ENVIRONMENTAL
CCMPLIANCE, AS A GENERAL RULE, INDIANA DOES NOT ALLOW
CONSTRUCTION-WORK-~IN-PROGRESS RATE~-BASING. RATHER, OUR LAW
REQUIRES UTILITY PLANT TO BE "USED AND USEFUL" BEFORE ITS
INCLUSION IN RATE BASE. HOWEVER, THIS CWIP PROVISION WAS
PASSED INTO LAW IN 1985 IN ANTICIPATION OF THE STAGGERING
FINANCING TASK FACING SOME OF OUR STATE'S INVESTOR-OWNED
ELECTRIC UTILITIES IN COMPLYING WITH INEVITABLE FEDERAL CLEAN

ATIR LEGISLATION;

(C) A CLEAN COAL TECHNOLOGY STATUTE SIMILAR IN FORMAT
AND RESULT TO THE CERTIFICATE OF NEED LAW, THIS STATUTE WAS
USED TO CERTIFICATE THE NIPSCO-PURE AIR BAILLY GENERATING

STATION PROJECT WHICH WAS DEDICATED LAST MONTH. AS A PERSONAL
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NOTE, I MUST TELL YOQU THAT IT GAVE ME GREAT SATISFACTION TO
ATTEND THAT EVENT SINCE I WAS FIRST THE AUTHOR OF THE LAW IN
THE LEGISLATURE AND THEN ONE OF THE PRESIDING COMMISSIONERS
ON THE CASE WHICH AUTHORIZED THE PROJECT AFTER I WENT TO THE

COMMISSION,; AND

(D) A STATUTE PASSED IN 1991 ESTABLISHING A PRE-APPROVAL
AND GUARANTEE PROCESS FOR CLEAN ATR ACT COMPLIANCE PLANS.
THIS FIRST OF A KIND STATUTE WAS DEEMED NECESSARY BECAUSE OF
THE TREMENDOUS IMPACT OF THE AMENDMENTS ON INDIANA'S COAL-
BURNING ELECTRIC UTILITIES. PLEASE NOTE, HOWEVER, AS WE OFTEN
DO AT THE IURC, THAT THIS AND THE OTHER PRE-APPROVAL TYPE
STATUTES PUT A TREMENDOUS RESPONSIBILITY ON THE COMMISSION TO

MAKE ACCURATE, REASONABLE UP-FRONT DECISIONS.

THESE FCOUR STATUTORY INITIATIVES HAVE SOME COMMON FEATURES.
EXCEPT FOR THE ENVIRONMENTAL COMPLIANCE PLAN LAW, EACH PROCEDURE
IS REQUIRED OF THE UTILITY. 1IN ORDER TO BUILD GENERATING CAPACITY,
BASELOAD OR PEAKING, CLEAN COAL OR OTHERWISE, THE UTILITY MUST
OBTAIN PRIOR APPROVAL FROM THE COMMISSION. ALL OF THESE PROCEDURES
INCLUDE PRE-APPROVAL OF THE UTILITY'S REASONABLE COST ESTIMATES AND
GUARANTEED RECOVERY OF SAME TC THE APPROVED LEVELS. EACH PROVIDES
THE OPPORTUNITY SHOULD THE UTILITY CHOOSE FOR THE COMMISSION TO
REVIEW THE PROJECT OR PLAN ON AN ONGOING BASIS AND ADJUST THE
APPROVED AND RECOVERABLE COSTS ACCORDINGLY. FACH HAS A WELL-

DEFINED MODIFICATION PROCEDURE.
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AND, EACH OF THESE STATUTES CONTAINS AN EXPRESSION OF THE
LEGISLATURE'S PREFERENCE FOR THE USE OF INDIANA CQAL IN THE
INVOLVED FACILITIES. THE COMPLIANCE PLAN STATUTE EVEN REQUIRES THE
UTILITY TO CONDUCT AND PLACE IN EVIDENCE AN ANALYSIS OF THE
ECONOMIC EFFECT OF THE COAL-PURCHASING ASPECTS OF ITS PLAN ON THE

SOUTHWESTERN INDIANA ECONOMY.

THE CONFLUENCE OF ALL THESE LAWS AND THE CLEAN AIR ACT
AMENDMENTS HAS MADE THE ELECTRIC GENERATING CAPACITY PLANNING
PROCESS IN INDIANA BOTH SIMPLE AND COMPLEX AT THE SAME TIME.
SIMPLE IN THAT WHAT WAS ONCE A BASIC RESOURCE PLAN, AND THEN BECAME
AN INTEGRATED RESQURCE PLAN HAS NOW EVOLVED INTC A FULL-BLOWN
COMPLIANCE STRATEGY. 1IN ESSENCE THE ONLY PLAN THAT NOW MATTERS IN
THE BIG PICTURE IS THE UTILITIES CLEAN AIR ACT COMPLIANCE PLAN.
HOWEVER, WE HAVE SEEN IN THE PLANS FILED BY PSI ENERGY, SOUTHERN
INDIANA GAS AND ELECTRIC COMPANY, AND INDIANAPOLIS POWER & LIGHT
COMPANY THAT THE PLANS THEMSELVES ARE EXTREMELY COMPLEX AS THEY
SEEK TO ANALYZE AND CHOOSE AMONG LITERALLY THOUSANDS OF COMPLIANCE

ALTERNATIVES.

BECAUSE OF THE USE OF AND PREFERENCE FOR HIGH SULFUR COAL, IN
INDIANA WHAT WE CALL THE "514" PLAN, NAMED AFTER SENATE BILL 514
WHICH WAS THE LEGISLATIVE VEHICLE FOR THE PRE-APPROVAL LAW, HAS
COMPLETELY DOMINATED THE CAPACITY PLANNING PROCESS. THESE PLANS
LAY OUT NOT ONLY THE UTILITY'S FUTURE IN TERMS OF EMISSION TRADING

ALLOWANCES, DEMAND-SIDE MANAGEMENT, AND FUEL-SWITCHING, BUT CONTAIN
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SPECIFIC DATES AND REFERENCES TO CONSTRUCTION OF BOTH PEAKING AND
BASELOAD CAPACITY AND HOW SUCH CONSTRUCTION FITS IN TERMS OF
OVERALL COMPLIANCE OPTIONS. IT IS NO EXAGGERATION IN INDIANA TO
SAY THAT WHAT FORMERLY WAS THE CAPACITY PLANNING PROCESS HAS NOW

BEEN SUPPLANTED BY THE COMPLIANCE PLANNING PROCESS.

THE RECENT PSI CASE IS A PERFECT EXAMPLE OF THIS PHENOMENON.
ONE OF THE OVERRIDING ISSUES IN THAT CASE IS WHETHER AND TO WHAT
EXTENT PSI CAN USE THE EMISSION TRADING MARKET TO DELAY THE NEED
TO BUILD SCRUBBERS ON TWO OR MORE OF ITS EXISTING UNITS. LURKING
BEYOND IS THE SAME ISSUE REGARDING THE CONSTRUCTION OF BASELOAD
CAPACITY. IN THE POST CLEAN AIR ACT AMENDMENTS WORLD, IT IS

IMPCSSIBLE TO SEPARATE CAPACITY PLANNING FROM COMPLIANCE PLANNING.

WE ARE HARD AT WORK ATTEMPTING TO CREATE A REGULATORY
FRAMEWORK FOR IMPLEMENTATION OF THESE STATUTORY INITIATIVES. THE
COMMISSION STAFF IS IN THE FINAL STAGES OF DRAFTING PROPOSED RULES
AND REGULATIONS FOR BOTH INTEGRATED RESOURCE PLANNING AND THE
RATEMAKING TREATMENT oF CONSTRUCTION-WORK-IN-PROGRESS FOR
ENVIRONMENTAL CONSTRUCTION. WE HAVE ALSO ADOPTED AN INTERIM PLAN
FOR EXPANSION OF GENERATING CAPACITY ON A STATEWIDE BASIS AND ARE
WORKING TOWARD FINALIZING SAME EARLY NEXT YEAR. THE SUM TOTAL OF
THESE EFFORTS SHOULD BE A CONCEPTUALLY-~-SOUND, PRACTICALLY POSSIBLE
REGULATORY SCHEME WHICH HARMONIZES THE ABOVE-DESCRIBED FOUR
STATUTES AND LAYS OUT A PATH WHICH INDIANA ELECTRIC UTILITIES CAN

FOLLOW THRQUGH THESE PERILOUS TIMES AND FCOR MANY YEARS TC COME.
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I HOPE THAT OUR INDIANA EXPERIENCE IS INSTRUCTIVE TO OTHER
STATES LESS IMPACTED BY THE AMENDMENTS. WE BELIEVE THAT WE HAVE
THE REQUISITE STATUTORY TOOLS AND TECHNICAL CAPABILITY TO ANALYZE
THE COMPLIANCE PLANS PUT BEFORE US AND MAKE THE VERY DIFFICULT

CHOICES NECESSARY TO COPE WITH OUR ELECTRICITY FUTURE.
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CLEAN COAL TECHNOLOGY:
A REGULATOR'S VIEW OF DEVELOPING ISSUES

By Dr. Bil Tucker
Chairman, Wyoming Public Service Commission

I am pleased that many regulators share similar perspectives about both a high level of interest in
Clean Coal Technology and many of the approaches and concepts regarding its use, especially
since a number of them do not come from coal producing states. Although I happen to reside in
such a state, Clean Coal Technology holds so much that is positive and promising in Clean Coal
Technology that | need not -- and will not -- present a self-interested view. This paper expresses
some of my views on the role of incentives in demonstrating and deploying advanced electric
power technologies.

There are many ways to generate electricity; and all of them have certain unique benefits,
shortcomings and costs -- some easily identified and agreed to, others not. As regulators look at
the economics of generating the kilowatt-hours needed by this nation, there are two serious
concerns which are always in mind. The first is the cost of producing and delivering the power;
and the second is the societal cost of generation, including the costs of those environmental impacts
which are now being recognized nationally. The federal Clean Air Act Amendments of 1990
addressed some environmental issues, primarily concerning SOz, NOy and toxins, but they did not
deal with such things as CO; or ambient heat output. States are also showing increased interest in
the environmental costs of generation. As these and other emerging issues are addressed, we may
expect generation costs to rise. While the full cost of dealing with them will not be known for
many years, we can say with certainty that the economic costs will be substantial and that utility
customers will pay the bill.

The nation has a large investment in thermoelectric generation, which serves us well. In order to
effectively recoup this investment, we must act responsibly to make sure that coal fired generation
remains a reliable, affordable and accepted resource. The Clean Coal Technology Program has
identified improved methods of utilizing coal in electrical generation. Utilities are in the position of
being able to select from clean coal options which can be applied at the tail end of the generation
process, in the improvement of boiler combustion characteristics and to cleaning the fuel before it
is burned.
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In addition to bringing tested options to the utilities, the Clean Coal Technology Program can be of
great benefit in hastening the deployment of advanced electric power technology. The planning
considerations and uncertainties inherent in new technology are rightly approached with caution by
utility planners and regulators. Demonstration and prototype projects can be prohibitively
expensive for individual utilities and individual jurisdictions. It is appropriate, in any case where
innovations can have positive national outcomes, for the federal government, as in the Clean Coal
Technology Program, to undertake the partial funding of innovative developmental projects. In
this way, the cost may be spread over the entire consumer population that stands to benefit from
the developing technology.

Clean coal technology clearly holds out the promise of adding new environmental and efficiency
benefits to proven and dependable generation resources, but it is necessary for state regulators to
participate. Commissioners should remain open, if not proactive, with respect 1o new proposals
by and on behalf of regulated utilities. I believe that individual state jurisdictions can and generally
should be open to cooperating fully in the siting of projects and in the sharing of appropriately
allocated costs, on an experimental or temporary tariff basis. Utility shareholders should also be
expected to participate in the costs or funding requirements for these projects as the potential to
benefit them is also great.

Next is the issue of valuation of environmental externalities and the implications this has for the
development of the nation's energy supply. If regulators from economically powerful states place
inappropriate and inaccurate environmental cost adders on potential out-of-state thermoelectric
generation in the name of environmental progress, they will -- intentionally or not -- determine
which resources will thrive, be developed and be purchased, regardless of how clean or cheap the
resources are in fact. If arbitrary emissions costs are placed on out-of-state thermoelectric power,
citizens of these states will be inappropriately deprived of available and reliable low cost power
supplies which could have been responsibly selected and relied upon if local prejudices had not
kept the energy from being priced consistent with its real cost. Out-of-state producers of
environmentally responsible power will be arbitrarily excluded from the local market. Such a
penalty would be just that -- a naked penalty that would not cure anything. Local air would not be
made cleaner by wrongly excluding available clean out-of-state supply sources which produce no
emissions within the recipient state's airsheds. Utility customers elsewhere would suffer from the
costly forced inefficient utilization of baseload thermoelectric generating facilities.
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States feeling the need to impute unsupported additional environmental costs to out-of-state power
supplies should be careful not to manufacture costs which go beyond the actual costs of generation
and transportation. For example, the existing costs of Wyoming thermoelectric power are true
costs which already internalize the impact of strict environmental standards which have been in
place for many years. Any unilateral assignment of additional costs -- especially those which are
developed without reference to the easily determined actual costs or the environmental requirements
of the producing state -- can be unreasonable, arbitrary and very counterproductive.

Certainly imposing externality costs on a particular generation technology will be reflected in the
price which consumers pay. Misapplied externality valuation could result in the displacement of
lower cost power by more expensive power through the economic distortion caused by arbitrarily
attaching artificial rate significance to a power source, We must take a close and realistic look at
the true impact of an environmental externality which is being evaluated. Politics and ecological
fashion have no meaningful role to play in this inquiry. Regulators still must make hard and
unfashionable inquiries. Any effect upon the environment and any other long chain of causes and
effects must be firmly supported at every turn. If a firm link is established, then a true
measurement of an actual external cost can and should be made. If a link is not substantiated, the
externality is just that, external, and should be dismissed from the utility regulatory picture and
given a decent burial by all jurisdictions concerned. 1t should not be allowed to have an
unnaturally prolonged life of its own merely because it was the darling of a particular interest
group. Regulators must remain the old curmudgeons they have always been. They must continue
to insist on carefully researched, solid, factual evidence prior to changing the electricity generation
fuel mix.

I have a certain nostalgic streak, as do most of us; but I do not want to see the United States return
to the practice of studying in the kitchen by the light of an oil lamp. I am concerned that the cost of
electricity could reach such a level that even the most fundamental units of consumption become
unaffordable if costs find their way into rates without appropriate scientific and economic
justification. In saying this, I am not issuing a novel challenge to environmentalists, of which ] am
one. The same requirement holds true for every cost which we are asked to add into rates.
Regulators do not owe less to the public when environmental costs are being reviewed. We will
serve best if we regulate dispassionately and with an eye for the truth and not the fashion. It
should not have to be a courageous act to stand up for clean coal technology as it enters an exciting
and innovative phase of its development.
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What is needed is a realistic inquiry into the matter and a realistic assessment of all the implications.
For example, if a clean coal technology application were to produce electricity more efficiently
while at the same time reducing the production of potential pollutants, a regulator should be
interested whether or not she subscribes to any particular nexus between potential pollutants and
possible environmental effects.

There are, of course, implications for the Clean Air Act Amendments of 1990 for coal-based
electric capacity planning. Some capacity enhancement projects will be driven by the requirements
of the Clean Air Act Amendments. While we in Wyoming have only a small staff and limited
resources to evaluate all of the various plans and methods proposed for Clean Air Act Amendment
compliance, we have the opportunity to experience the effects of nearly every option, since
Wyoming possesses an abundance of low sulfur coal and other hydrocarbons useful in generating
electricity. We are sensitive to the need to encourage the production of all energy -- not just
electricity -- in a manner which reflects the best available and most economical state-of-the-art
technology consistent with preserving the high level of system reliability which has been
demonstrated by thermoelectric generation over many years.

Many regions of the United States enjoyed comfortable energy and capacity reserves during the
1980’s. However, the end of this surplus of generating capacity is at hand. An article in the May
1992 issue of Electrical World entitled “Waking Economy Bestirs Utility Planners” notes that
“Coal fired construction is slated to increase a whopping 30%” between 1991 and 1992, that is,
from $3.4 billion to $4.5 billion, Additionally, the article indicated that, between 1990 and 2000,
104,584 MW of new capacity is planned to enter service. Fifty one percent of that is to be utility-
owned. The article breaks down the planned capacity by source. Fossil fuel steam is represented
by 14,442 MW, 4,745 will be nuclear steam, 36,882 will come from gas combustion turbines, and
2,415 will be hydro. It appears, and rightly so, that coal will continue to figure prominently in the
nation's energy future. Even if the current fuel of choice for planners may be natural gas, it is
apparent that those who have pronounced coal generation dead are wrong.

Knowing the previously stated facts, one must ask how have the Clean Air Act Amendments
affected utility generation planning? I believe that they have restructured the process utility
planners will use to meet load growth and new peaks. To meet demand, utilities must now
examine a broader spectrum of passive and active options from customer conservation and utility
efficiency to the construction of new generating plants. The Electrical World article clearly
indicates that utilities are looking to nonutility sources of supply for a significant portion of future
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The Government Export Panel had no prepared papers but used a
case study format for this session.
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INDUSTRY EXPORT PANEL SESSION

The Industry Export Panel will discuss: The need forindustry and government cooperation;
Industry’s needs from government agencies; Industry’s market priotities; and The role of
electric utilities in project teams.

Moderator:
Ben N. Yamagata, Executive Director, Clean Coal Technology Coalition

Mr. Yamagata is the Executive Director of the Clean Coal Technology Coalition.
His legal practice encompasses federal and state legisiative issues that deal with
energy, environment, natural resources, international trade (technology transfer)
and transportation-related matters. Special expertise includes representation
before the legisiative branch with respect to federal appropriations and energy-
related tax issues as well as matters before Congressional committees with
jurisdiction over energy, environment, natural resources and transportation mat-
ters. He has advised the $2.7 billion Department of Energy clean coal technology
development program. Mr. Yamagata is Executive Director of the Clean Coal
Technology Coalition and counsel to the Electric Transportation Coalition.

Panel Members:

Anthony F. Armor, Director, Fossil Power Plants Department, Electric Power Research
Institute

Robert D. McFarren, Vice President, Stone and Webster Internationat Corporation

Dr. Charles J. Johnson, Head Coal Project, East-West Center
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CLEAN COAL TECHNOLOGY
A Private Sector Viewpoint

A.F.Armor
Director, Fossil Power Plants

Electric Power Research Institute
Palo Alto, CA

Presented to:

Clean Coal Technology Conference
September 22-24, 1992
Cleveland, Ohio
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CLEAN COAL TECHNOLOGY
A PRIVATE SECTOR VIEWPOINT

A F. Armor
Director,Fossil Power Plants
Electric Power Research Institute

Clean Coal Technology Conference
September 22-24, 1992
Cleveland, Ohio

Good afternoon. It is a pleasure for me to be here to discuss clean coal
technology from the viewpoint of EPRI and its member utilities. I would like to
discuss why we, as an Institute, enthusiastically support the large scale
demonstration of advanced coal burning technologies.

First,the role of EPRI is to provide improved technology to enhance the
profitability of our members, with the emphasis on technology and profit

The search for better equipment and better technology is a continuing priority
for US utilities and their suppliers following the trail from the first steam turbine
- driven generator in the early 1900s,to pulverized coal firing ir the 1930s,
supercritical steam conditions in the 1950s, fluidized bed combustion and coal
gasification in the 1970s and 80s. Landmark advances are still being made in
photovoltaics, fuel cells,combustion turbines, digital control systems,and
environmental control equipment. But the idea of a utility as a profit making
business has only lately been a key driver in the strategic planning of industry
leaders. As with all businesses, success for the company follows a well defined
path of innovation,technology leadership, productivity, and profit.So profit is
strongly tied to technology and innovation and the future industry leaders in
electric power production will be those who capitalize on proven advances, such
as those now being demonstrated under the CCT program.

Second, we acknowledge the importance and value of cooperative work with
government bodies so as to leverage our R & D funding in key technology
demonstrations.

EPRI is a $500 million per year R&D organisation- the only one of its type in the
world. It is unique,and a resource to the US utility industry that will never be
duplicated. Yet in the high stakes of major construction EPRI can seldom, on its
own, be the lead funding organisation. Therefore it is prudent for EPRI to
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participate with DOE and others in consortia to build and test major facilities
such as coal gasification plants. It is gratifying to the Institute to see the progress
being made in gasification following the successful construction and test of the
100MW Coolwater plant of Southern California Edison, built and tested by an
EPRI-led funding consortium. We will continue in the future to use our R&D
funds to support large technology demonstrations which offer significant future
benefits for our members.

Third, we perceive the future power generation business to be more
international in nature, and so will seek cooperative agreements and
technology transfer between other countries and the U.S.

The role of EPRI as a "broker" for international technology advances is not
new.Over the years we have successfully transferred to US power plants
innovative ideas from Europe, Japan, and even Russia. Qur staff continue to sift
and evaluate new equipment design options which include at this time sliding
pressure supercritical units, robotics, district heating technology, control
measures for biofouling, and alternate fuels such as Orimulsion. EPRI is also
active on broad issues like acid rain, global warming, technology for developing
nations, and upgrading of Eastern European generating plants. EPRI staff are
increasingly called upon for expert advice on such issues. Finally on this topic we
have lately welcomed international affiliate members from England,Holland,
Italy,Canada, and Australia, and have opened EPRI offices in Birmingham,
England and Melbourne, Australia. We indeed are part of the international scene.

Fourth, we see a strong domestic supply capability as being important to U.S.
utilities.

The strong links between the domestic suppliers and the US power industry have
been maintained over the years even in the lean times of the last 10-15 years and
have paid off for our industry. Landmark high efficiency plants such as Philo
(Ohio Power), and Eddystone (Philadelphia Electric), would not have been
possible without a joint agreement between utility and suppliers to advance the
technology of fossil power plants. The same is true for the nuclear industry of the
US. A network of supplier service shops across the country ensure that US
utilities have access to the best and latest equipment and designs when
maintaining or upgrading their units. This resource is going to become even
more important with the aging of the fossil plants, since more than half will be 30
yrs old by the year 2000. So keeping our suppliers in the forefront of technology
by soliciting their involvement in demonstration plants at home and commercial
applications abroad is a strategic move for those utilities planning to be still "in
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the game" at the turn of the century. EPRI has close ties with all domestic ( and
several overseas) suppliers of major equipment.

Finally, we see certain environmental issues as global, which particularly
need to be taken into account as the developing countries seek to expand their
generating capacities.

A new forecast by one US supplier concludes that the market for new generating
equipment in the 1990s may total 1400 GW, based on a wordwide demand which
will increase a modest 2.8%/yr. About 113 GW is needed in the US, 88 GW in
Europe, 60 GW in Japan, Korea, and Taiwan, 45 GW in Latin America, 35 GW in
former Iron Curtain countries, 26 GW in India, and a significant ammount in
China and other developing nations. It is our opinion that new capacity should
be designed and built as high on the learning curve as possible, This implies that
clean coal and other emerging technologies should be the prime choice when
considering new generation. The improved unit efficiencies and lowered air,
water, and land emissions will greatly ease any future actions which may be
necessary to protect our global environment.

EPRI has factored these five issues into our long term strategic R&D plan for the
utility industry. We have worked cooperatively with DOE in its clean coal
initiatives, and are currently participating in many of the DOE clean coal
technology projects. As I noted earlier, we have expanded our membership to
include utilities in Europe and in Asia, and we have participated, and will
continue to participate in conferences and trade missions organized by DOE,
DOC and others. Earlier this year I had the opportunity to attend a DOE clean
coal conference in Hungary, and this summer participated in a DOE/DOC trade
mission to Thailand. These activities underline the growing importance of
countries whose added generation is likely to be largely based on coal.

One other cooperative venture of note is the utility partnership program,
coordinated by USEA, where U.S.utilities agree to exchange technology with
utility counterparts in Eastern Europe. Further there is a growing number of
construction projects being carried out in various parts of the world by affiliate
power producers, owned by U.S.utilities. Such activities emphasize the growing
internationalization of the electric generating industry.
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The DOE clean coal technology program which you have heard about this week
has been instrumental in demonstrating at commercial sizes new technology in
coal gasification, in pressurized fluidized bed combustion , and in advanced
environmental control technologies for conventional pulverized coal power
plants. It is certainly in the interests of our members, who will be using these
technologies in the future, to see broad validation of the CCT products in many
parts of the world. In our judgment, it is also important , as the underdeveloped
countries seek to quickly increase their installed generating capabilities, that
this is done using state of the art technology, instead of being based on
equipment now seen as obsolete and often long superseded in Western
countries. In this way we will be able to ensure that the quality of life for the
world is enhanced while minimizing any concerns for the environment.

I look forward to discussing these ideas in more detail with you and with other
members of this panel. Thank you.
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DOE CLEAN COAL TECHNOLOGY CONFERENCE
SEPTEMBER 23-24, 199
INDUSTRY EXPORT PANEL

DEVELOPER NEEDS/RISK ASSBESSMENT

INTRODUCTION

My thanks to the Department of Energy for this timely conference on clean coal
technologies and the opportunity to participate in this Industry Export Panel.
Our moderator, Ben Yamagata, asked that I address my remarks to: (a) the risks
involved in applying clean coal technologies demonstrated and applied here in the
U.S. to the power supply needs of emerging economies; and (b) to report on some
recent efforts in Washington directed at exploration of ways to broaden the
participation in the risks inherent in such projects and, thereby, improve the
willingness of U.S. corporations to more aggressively pursue the development and
implementation of projects in emerging economies which embody clean coal
technologies (CCT).

A basic premise of these remarks is that there is a natural and a circumstantial
confluence of CCT-exports with the current emphasis of private power as an
advantageous concept for meeting the growing electric energy needs of emerging
economies. The natural element of this confluence i{s that any firm with desire
to present his CCT in the most favorable light wants not only teo see his
technology used in such projects but, alsc, to assure that It continues to
perform well throughout the cperational life of the project. This desire propels
the project arrangement toward either or build-own-transfer (BOT) type project
or some other similar arrangement whereby there is continuing direct involvement
of the technology supplier in the longer term cperation and maintenance of the
power generation facilities. The circumstantial element of this confluence is
one simply of concurrent timing 1.e., the recent readiness of CCT's for
commercial application -- and the recent emphasis of the OECD nations to the
emerging-economy counties that the supply of reliable electricity supply can be
more efficiently financed and provided by private sector entities then by the
public utilities of many of these countries.

Also, be forewarned. I am one of those "Washington, D.C. people” and these
remarks will reflect that perspective. However, as you will see, I believe there
is a positive climate in the government and international communities of
Washington, D.C. for measures that could help U.S. industry use CCT's to increase
the export of U.S. equipments and services.

One brief caveate. The ldeas presented in these remarks are conceptual. They
have not withstood the test of argument as to their attributes or their
practicability with project developers, financiers, or government assistance
agencies.
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The following describe some baslc characteristics of the challenge to be
addressed.

0  The pace at which economic development can be achieved in most emerging
economies is dependent upon the ability to bring into being necessary
economic Infrastructure such as reliable electricity supply.
Therefore, electricity supply facilities will, in most countries, be a
high natural priority.

0 The high resource requirements of electricity supply facilities, both
in terms of their large foreign exchange requirements and experienced
technical and project management personnel requirements, can seriously
limit the national capability to expand this element of its eccnomic
infrastructure.

¢ The historic character of electricity supply prejects in many emerging
economies includes:

-~ they are planned and implemented by public sector utilities;

--  they involve large foreign exchange components both in equipments
and services;

-- they involve high risks and have frequently experienced large cost
overruns; and,

-- growing environmental concerns create increased incentive for
application of advanced technologies in electric power facilities.

0  Many countries are examining or initiating an historic change in the
organizational structure of theilr electricity supply sector in response
to the recent strong encouragement from the OECD nations noted earlier
regarding privatization and support of that policy by IMF and the
multilateral-finance-institutions (MFI's).

Initlatives to utilitize CCT's as an avenue to increase exports of U.S.
equipments and services to emerging economics exercerbates the complexity of this
challenge. Coal is a highly varied and complex fuel. There is a large array of
technology options which need to be examined in the selection of a preferred
approach for the use of coal in a national electric sector plan. application of
advanced technologies in these nations Iinvelves all aspects of adapting and
introducing advanced technologles into a new physical and cultural setting.

RISK PARTICIPATION A CRITICAL CORE _ISSUE

I intend to focus my remarks today on risk participation as a critically
important core issue In forming effective arrangements for development and
implementation of private-sector funded, clean-ccal-technology projects in
emerging economlies. First some basic facts:

©  Private sector involvement does not change the total risks involved.
It only changes the assignment of risks among the various project
participants.
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0 Equitable, economically efficlent assignment of risk participation can
be critical to the economic feasibility and the ability to finance
projects.

0 The risks inherent in any major electricity supply project are
frequently insufficiently defined and understcod by host country
officials and utilities. Nor are the value of those risks in terms of
their costs or theilr impacts well understood since in the previous
public-financing-mode for such projects there was no incentive (and
frequently a disincentive) to openly address and place a value on
inherent risks.

0 There is a natural aversion by all parties toward risk participation.

In this light, finding mutually acceptable arrangements for economically
efficient risk participation could importantly affect the degree to which
privately owned power supply and the use of clean coal technologies can be widely
applied to provide reliable electricity supply in emerging economies.

RISK SPECTRUM

A brief diversion is needed at this peoint to provide primer-type information on
the spectrum of risks which need to be kept in mind in the remainder of these
remarks.

There are three primary time phases of the risks invelved. First, those during
the project definition/project development phase. Second, those during pre-
completion of the facility e.g., risks during design, procurement, construction
activities. Third, those post completion of the facility e.g., in facility Q&M,
fuel supply, revenue generation, etc.

There are different sources or types of risks. Some are rooted in the project
authorization and regulatory approvals of the project. National policies
regarding facility ownership, environmental geoals or use of indigenous fuels can
generate risks. Economic regulation of product prices, rates-of-return, taxes,
and local labor rules can introduce risks.

Regulatory permits on site use, facility effluent, water availability, waste
disposal, etc., are the source of widely recognized risks.

Commercial risks include those related to technology
readiness/adaptation/appropriateness, project costs, schedule and procurements,
facility design, design change and construction activities.

There are always the risks of accident or natural catastrophe which need to be
considered. And, there are risks rooted in the national economic climate or
political stability of the country which can include, for example, national
policy/economies/institutional changes, expropriation of owned facilities and
currency exchange rate fluctuations.
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Also there is the need to rank various risks on the basis of their probability
of occurrence and the seriousness of their impacts on project activities,
economics, or feasibility.

RISK ASSIGNMENT OBSERVATIONS

Building on those fundamentals, I offer some observations regarding risk
participation attitudes and opportunities whereby the foundation for well
conceived private power projects using clean coal technologies might be improved.
The first five observations are directed at the concept of "economic efficiency”
of risk participation.

1. It seems fully appropriate and acceptable that the project
developer/contractor team take on commercial risks and other risks which he
has the ability to control., Assignment of low probability/high impact
risks to the developer/contractor team ably illustrates the concept of
economic efficiency. The developer/contractor team would cover such risks
by contingency provisions or insurance and, if the impact threat is large,
this could be involve very high cost. If the risk did not occur, the cost
for risk coverage would, nonetheless, remain and could seriously impact
project economics. This would, therefore, be economically inefficient.

2. The host country government/utility should be willing to be assigned risks
over which he has more control, more experience with the
cultural/institutional setting, and more ability to expedite resolution.
This could include high probability, low impact risks such as site
availability/approval, fuel supply arrangements, local cost/price
escalation, currency convertibility ete.

3. More effort needs to be directed at assignment of other risks on a least
cost or optimal economic efficiency basis among other project participants
including equity investors, commercial financiers, multilateral financiers,
host government agencies, export credit agencies, and bilateral development
donors. I see great opportunity for innovation in this regard, the results
of which could critically affect the degree of success in providing
projects of this type.

4. No-recourse or limited-recourse project financing needs to be viewed simply
as another form of risk participation. It can Iimportantly affect the
project developer's ability to arrange adequate financing. It can also be
very important to the host country government as it enables off-balance-
sheet financing of economic Infrastructure projects.

5. Equitable, economically efficient risk assignment needs to consider:

© the limits on each party's ability to assume that risk;

0 the value, preobability and impact of the risk and its coverage on
project feasibility and economics;

o the time aspects of risk occurrence;

prospects for arranging a broadened base of risk sharing;

¢ the effect of risk assignment and risk sharing on the functional
project arrangement and security package.

[+]
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6. Our panel moderator, Ben Yamagata, and I have over the past few months been
"testing the water"” so-to-speak of attitudes toward exploration of new risk
participation concepts and the willingness to conslder changes of
traditional risk participation concepts, pgroundrules and processes,
Exploratory contacts have been made with: the U.S5. Agency For International
Development, U.S. Department of Energy, U.S. Export/Import Bank, the World
Bank, the International Finance Corporation, host government
representatives, U.S, congressional staff, potential project developers,
and U.S. equipment/service suppliers. We have found consensus among all on
the need to carry on more indepth interactive discussion of this topic.
Most importantly, there appears to be an openness to examine changes in
their traditional processes and procedures if it can be shown they are
needed in order to:

o avoid high cost impacts of risk assumption:

0 justify the use of the private sector ownership/financing concept; or,

0 enable private developer/contractor teams to aggressively pursue
development of such project arrangements and invest corporate resources
in the development and implementation of economic infrastructure
projects.

7. In the conduct of this mutual exploration process, 1 see a need for what I
would label "agpressive imagination" and I offer the following as a menu of
potential topics which merit exploratory discussion,

0  Broaden the scope of project feasibility study to encompass more of
those project development activities which are erucial to bringing into
being a workable arrangement for project implementation;

¢  Examine means for effective donor assistance for first-time or one-time
technology adaptation/application costs;

0 Broaden the scope of technology transfer activities eligible for
multilateral or bilateral doner assistance;

0  Examine the use of debt-equity swaps to apply to local costs or equity
participation;

0 Provision of economic awards for sustained superior environmental
performance;

¢ Negotiate bilateral investment agreement provisions that would lessen
the impact of taxes on project costs/economics;

0 Ilnclude in allowable project costs or consider provision of donor
assistance for “"peripheral project requirements" such as roads,
community services/facilities, fuel delivery system improvements, etc.;
and,

¢ Examine loan guarantees or other mechanisms to effectively leverage the
financial support provided by bilateral/multilateral project finance
agencies.

8. The mutual exploration process would need to examine these and other ideas
with aggressive imagination to see how they measure up to the "5-A test";
i.e.

©  Would the risk participation measures be APPLICABLE to the project?
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¢ Are the risk participation measures APPROPRIATE to the project
institutional/cultural setting and other project requirements?

© Would such risk participation ACTUALLY ASSIST the formation and
implementation of the project?

If the concepts passed those tests, then, and only then, would one address:

¢ Might such risk participation be made AVAILABLE to the project? The
exploration discussions must avold the too-easy-decision to discard a
proposed form of risk participation on the basls that it is not
typically or has not previcusly been done, The discussion must examine
the capability of the proposed risk participation measure to help make
the projects more possible and leave to others the specifics of how to
make them available.

CONCLUSION

First, the situation is ripe for mutual exploration of risk participation
measures that just might Iimportantly affect the joint capabilities to make
privately developed electricity supply projects using advanced technologies more
doable in emerging economies.

¢ There continues to be strong policy level support for the concept of
privatization as an effective means for providing expanded economic
infrastructure capabilities for emerging economies.

o The staffs of organizations such as World Bank, IFC, USAID, and DOE
have been directed to define and implement effective processes for
contributing to the achlevement of this goal.

0 The search for effective mechanisms by those organizations continues.
Industry input to their thinking would be welcomed. All see the need
for more dialogue and the prospect of mutual benefits.

¢ There is strong policy level support in the U.S. Government to increase
exports of U.S. equipments and services to other countries.

¢ There is broad recognition within the export promotion community that
exports based on CCT's demonstrated iInm U.S5. facilities offers an
attractive opportunity for increased export of U.S5. equipments and
services,

© An openness exists toward change of traditional methods and processes
if one can show that such changes are necessary to better achieve the
policy-level goals.

Second, Industry can be the essential and effective catalyst to initiate and
formulate this dialogue directed at mutual exploration for effective risk
participation measures. And fortunately, there is activity underway in this
direction., Stay tuned for further developments.
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ASIA’S COAL AND CLEAN COAL
TECHNOLOGY MARKET POTENTIAL

Charles J. Johnson and Binsheng Li!
East-West Center
Honolulu, Hawaii

September 1992

Introduction

The Asian region is unique in the world in having the highest
economic growth rate, the highest share of coal in total primary energy
consumption and the highest growth rate in electricity generation capacity.
The outlook for the next two decades is for accelerated efforts to control
coal related emissions of particulates and SO2 and to a lessor extent NOx
and CO2. Only Japan has widespread use of Clean Coal Technologies
(CCTs) however a number of economies have plans to install CCTs in
future power plants. Only CCTs for electricity generation are discussed,
and are defined for the purpose of this paper as technologies that
substantially reduce SO2 and/or NOx emissions from coal-fired power
plants.

Asia’s Coal Future

Asia-Oceania leads the world in dependence on coal with almost half
of it’s energy requirements (48 percent) supplied by coal compared to less
than a quarter (22 percent) for the rest of the world. The outlook for Asia

1 pr Johnson is head of the Coal Project and Dr. Li is a Research Fellow in the Coal Project.
Acknowledgement is given to Mr.Scott Long, Research Fellow, for his assistance in the preparation of
this paper, and to the U.S. Department of Energy’s Office of Fossil Energy for their financial support of
the East-West Center’s CCT research.
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over the next two decades is for both coal production and consumption to
increase by more than a billion metric tons (tons) per year and coal
imports to increase by 178 million tons to about 350 million tons by 2010.
Steam coal’s share of imports is projected to increase from 50 percent
today to more than 75 percent in 2010. Australia will remain the dominant
coal exporter to Asia over the 1990-2010 period, however is expected to
loose a modest share of the export market to Indonesia and possibly China.
North American exports of both coking coal and steaming coal to Asia will
face increased price competition, resulting in an erosion of North
America’s share of the Asian market. North America’s role as a swing
supplier of steaming coal to Asia will continue for the foreseeable future,
Strategic and political considerations, particularly in Japan, will ensure that
western U.S. exports are maintained at a few million tons per year. In
addition, there may be significant export potential for multipurpose coals
(low sulfur coals that can be used as coking, PCI and steam coals).

Determinants of Coal in Asia’s Future?

Important factors determining changes in coal production,
consumption and trade in Asia are: (1) government policies, (2) economic
and electricity growth in Asia, (3) energy options, (4) competition and
prices, (5) strategic factors, (6) environmental trends. These factors are
briefly discussed below.

(1) Government Policies. Most governments in Asia have substantial
influence on energy choices through policies and recommendations made at
the central government level. This is particularly true in electricity
generation, because the majority of electric utilities are state corporations
and closely follow government policies and directives. Most governments
in Asia consider coal a very important part of their energy mix. The trend
is away from providing high subsidies to maintain domestic production.

2This section is a revised section from “Asia’s Coal Future to 2010, Johnson, 1992,
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(2) Economic and Electricity Growth in Asja. The growth rate in
electricity consumption is higher than gross domestic product (GDP) rates
in most Asian economies, but is gradually moving toward the GDP growth
rate. Tables 1 and 2 show GDP and electricity growth rates for Asian
economies in the 1980s, with projections to 2010. Both GDP and
electricity growth rates in most Asian economies are typically 2-3 times as
high as both the world average and most industrialized economies.

(3) Energy Options. Most Asian economies have limited amounts of oil
and gas, and have policies to promote the use of thermal coal for electricity
generation. Coal is abundant in Asia and is the most abundant energy
resource in Australia, China, India, Russia, Vietnam and probably
Mongolia.

After the second oil crisis in 1979, there was a shift toward increased
steam coal use for electricity generation in Hong Kong, Indonesia, Japan,
South Korea, Philippines, Taiwan and Thailand. The trend toward greater
coal use in electricity generation is projected to continue over the 1990-
2010 period. However, where sufficient natural gas is available at
competitive prices, it is the preferred fuel. In particular, Malaysia will
continue to rely on its abundant natural gas reserves to meet most
electricity generation needs. In addition, natural gas is expected to compete
with coal in Hong Kong, Indonesia, selected areas of southern China,
Thailand, and in Vietnam.

(4) Competition and Prices. The rapid growth in the demand for
internationally traded steam coal has been more than matched by increased
supplies from both traditional coal producing countries and new suppliers.
A decade ago many forecasts indicated increasing prices for steam coal.
However, Figure 1 shows that the trend in c.i.f. steam coal prices in
constant 1990 dollars for the world’s largest coal importer, Japan, was
strongly downward over the past decade. This downward trend has
continued to the present (mid-1992) with spot prices well below the 1990
level.
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Figure 1 also shows that the trend in the price of U.S. steam coal
exports has been moving closer to the weighted average price of steam coal
from other countries. The decrease in spread of steam coal prices results
from increased competition among sellers, improved economics of U.S.
western coal exports, and less premium being paid to diversify sources of
supplies.

(5) Strategic Factors. Strategic factors are particularly important to Asian
economies. Specifically, most major coal importing economies in Asia
indicate a goal of diversifying sources of supply of coal. Asian
governments are reluctant to state an upper limit to the share of coal
imports from any country. However, most governments prefer to keep
imports from any one source below about 50 percent.

(6) Environmental Trends. The impact of environmental trends on coal
use can be divided into two categories. The first category includes
traditional emissions (particulates, SO2 and NOx) that can be controlled
with existing technologies. All Asian economies are projected to
substantially reduce these pollutants as they expand and modernize their
power plants. The second category of emissions are greenhouse gases,
dominated by CO2, that cannot be readily controlled with existing
technologies. The present strategy of most Asian economies to control
greenhouse gas emissions is to promote greater efficiency in power
generation and energy use.

The developing economies of Asia have not altered their plans with
respect to future coal use because of concerns about coal’s contribution to
greenhouse gases because, in most cases, there are no alternatives that
would not slow economic growth. Economic growth remains a high
priority throughout Asia, even at the expense of some deterioration of the
environment. Japan is the most likely major coal consumer in the region to
follow a strategy to substantially reduce coal consumption in order to
control greenhouse gas emissions.
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Coal Projections for Asia: 1990-2010
Table 3 shows the expected growth in consumption of the major coal

consumers in Asia over the 1990-2010 period. India and China are
expected to maintain their 80 percent share of the total coal market for the
next two decades. The number of Asian economies consuming 20 million
tons or more per year will increase from six economies in 1990 to ten in
2010 with Indonesia, Philippines, Taiwan and Thailand joining the list.

Table 4 shows net trade of coal over the 1990-2010 period. Net coal
imports to the Asian region are projected to gradually increase from 34
million tons in 1990 to 55 million tons in 2010. As a percentage of
imports, the share of imports into the region is projected to decrease from
20 percent in 1990 to 16 percent in 2010. This relative decline in share of
imports is because the growth in imports is mostly for lower priced
steaming coal, which can be supplied more competitively from producers
within the region.

Figure 2 shows the trends in steam and coking coal imports of

Asian economies from 1980 to 1990, with projections to 2010. Steam coal
is now approximately equal to coking imports, but as shown in Figure 2,
steam coal is expected to account for all net increases in coal imports to
2010.

Market Potential for Clean Coal Technology in Asia
The following projections of the size of the CCT market in Asia in

2000 and 2010 are preliminary and speculative, and only are intended to
highlight the potential important market opportunities in the region.

The potential for CCTs is broadly related to per capita income levels
of economies. The highest income Asian economy, Japan, has already
installed flue gas desulphurisation (FGD) to control SO2 emissions, plus
selective catalytic reduction (SCR) to control NOx emissions. Japan is the
leader in Asia in development of the next generation of CCTs (i.e. IGCC
and PFBC). The middle to upper income economies (Hong Kong, South
Korea, Taiwan and Thailand) appear to be most interested in FGD
technologies, and plan to install these on most new capacity. The lower

Clean Coal Technology Conference Procesdings

P-103



income economies (China, India, Indonesia and the Philippines3) are
primarily interested in lower cost options to control emissions (fuel
switching, burning low sulfur coal (plentiful in some areas), and probably
CFBC with desulfurizing agents.

The Japanese CCT market is nearly saturated, and is difficult to
penetrate by U.S. firms, however is the most promising market for the
next generation of CCTs (i.e. IGCC and PFBC). The middle income
economies are the best markets to target in the 1990s because they are just
beginning to switch to FGDs. The low income economies are the most
speculative because of their present reluctance to introduce CCTs which
will add significantly to investment costs. However, some of the low
income economies have the greatest long term potential, and should not be
ignored in developing CCT export strategies.

Turning to forecasts for Asia, Figure 3 shows total GW of coal fired
capacity for 1990 with projections for 2000 and 2010. The 1990 capacity
of 172 GW is projected to grow at 7.7 percent per year to 362 GW in
2000, then slow to an average of 6.0 percent per year reaching 648 MW in
2010. These projections are probably only accurate to within about +10
percent.

Figure 4 shows the country shares of coal-fired capacity in 1990, with
China and India accounting for about three quarters of total capacity.
China and India are expected to retain about three-quarters of total capacity
to 2010, with Japan’s share decreasing from 12 to 7 percent as coal-
capacity in other economies grow at faster rates.

Our preliminary projections are for the Asian market for CCTs to
increase by about 45 GW in the 1990-2000 period, and by about 105 GW
from 2000-2010 for a total increase of about 150 GW over the 1990-2010
period. Estimates of CCT market shares among economies are quite
speculative. However, our analysis indicates that market shares could
change dramatically between the first and second decades of the forecast
period. As shown in Figure 5, in the 1990s three middle-upper income
group economies (Hong Kong, South Korea and Taiwan) are projected to

3The Philippines can also be classified as a lower-middle income economy.
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account for the largest share of new CCT capacity (40 percent) followed
by Japan (32 percent). However, as shown in Figure 6, we believe that a
substantial shift will occur during the 2000-2010 period with China
accounting for the largest share of new CCT capacity (45 percent).* This
projected shift toward CCTs is not reflected in present plans in China, but
is based on our assessment of future shifts in Chinese policies and
strategies. The following brief discussion provides the basis for our
optimistic projections for China.

China’s Potential Clean Coal Technology Market. China relies on coal for
about three-quarters of its primary energy needs. The more than one
billion tons of annual coal consumption in China makes it the largest source
of SO2, NOx and CO2 emissions in Asia. China accounted for about two-
thirds of total SO2 and half of NOx and CO2 emissions in Asia in 1987 --
the most recent year in which complete figures are available (Kato et al.,
1991).

China’s top priorities in the electricity sector are increasing efficiency
and reducing particulate emissions from coal burning followed by SO2 with
lowest priority given to reducing CO2. Because increasing efficiency
reduces CO2 emissions, Chinese officials point out that they are reducing
greenhouse gas emissions through this strategy. More important to Chinese
energy planners is to alleviate China’s electricity shortages. Increased
efficiency is seen as one of the key elements in their strategy to close the
gap between electricity supply and demand.

China is not likely to select CCTs that result in reduced efficiencies.
Second, China is unlikely to adopt CCTs that are either not widely used
commercially or have significantly higher capital costs. This eliminates
technologies under development, including IGCC and PFBC, and probably
limits the application of FGDs for at least the 1990s.

About 40 percent of China’s electricity consumption is highly
concentrated in the six areas shown in Figure 7, representing only five
percent of the area of China. These areas have high levels of coal related

Ut is possible that China’s shift toward CCTs could be delayed by 5 years (2005-2015) but is unlikely to
be delayed by more than 10 years (2010-2020),
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pollution and more effective and stringent controls are highly likely in
order to reduce coal related emissions. Much of the coal related pollution
comes from home heating with coal (10-20% efficiencies) and small
industrial boilers. Locating power plants away from cities can only have a
moderate direct impact on coal related emissions because of home use of
coal and industrial boilers. However, location of co-generation power
plants with SOz control equipment in cities and industrial areas can achieve
the two major goals of increased efficiency and reduced pollution. Co-
generation could provide both electricity, and steam for home heating and
industrial uses, and raise overall energy efficiencies above 70 percent.
This is the kind of “win-win” strategy option that we believe will have high
appeal to Chinese planners.

Chinese government policies are expected to change toward
encouraging appropriate CCTs within a few years. We believe there will
be substantial potential for non-state controlled companies to participate in
co-generation plants. CFBC plants are the type of plants that appear to
have considerable promise because they are competitive at the smaller plant
scales common in China, have considerable flexibility among fuel qualities,
and emissions can be controlled at modest cost.

Who Will Supply CCTs to Asia?
There will be numerous sources of CCTs, including a number of

economies in Asia. However, the two leaders in CCTs, Japan and the
United States, appear to be a natural match for cooperation and joint
venture arrangements in introducing CCTs to Asia. During this period of
“Japan Bashing” it is easy to overlook opportunities for U.S. and Japanese
companies to cooperate to their mutual advantage. The differences in (i)
the Japanese and U.S. CCT programs, and (ii) the understanding and access
to Asian markets might be turned into benefits for industries in both
countries.

First, there are the following important differences in the development
and introduction of the CCTs in the two countries?.

SDr. Akira Kinoshita, Assistant to the President of the Electric Power Development Corporation in
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(1) Japan launched its CCT program in the late-1970s to install FGD
before other countries, including the United States, believed that the
additional costs of SO2 control were warranted. As a result Japan
leads the world in emission control on its coal-fired power plants -- all
have advanced FGD systems, and most have SCR control systems,

(2) Japanese companies were able to pass the costs of emission control
technologies on to consumers, whereas in the United States the Public
Utility Commissions {(PUCs) have limited the ability of utilities to pass
on all costs of environmental control equipment in a timely manner.
(3) The ability of utilities to more readily pass on costs to consumers
in Japan has resulted in less effort to control costs, and more attention
to introducing the most advanced technologies, often at much higher
costs. In contrast, both the PUCs and U.S. environmental legislation
encourage industry to select the lowest cost options to meet emission
limits.

(4) The U.S. government funded CCT program is much larger than
the Japanese program, and encourages more competition among more
technologies and more companies. The Japanese program encourages
more cooperation on a smaller range of technologies.

The consequences of the above generalizations (there are exceptions)
are that U.S. CCTs are likely to be more competitive than Japan’s CCTs,
and therefore have greater economic appeal to other Asian utilities.

The second important factor in succeeding in the Asian market is
having an equal or superior knowledge of Asian business practices, and an
effective organizational structure to capitalize on this knowledge. Here
Japanese industry excels over U.S. industry (there are exceptions). The
reasons for the Japanese advantage are complex, but appear to be heavily
influenced by four factors. First, Japan is an Asian culture, and has a better
understanding of other Asian cultures. Second, the Japanese government’s
industrial strategies and those of industry are much more closely linked.
This may provide a particular advantage in penetrating largely state

Japan, is the source of information on points 1 and 2. However, any errors in interpretations are those of
the authors and not Dr. Kinoshita,
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controlled Asian electric utility markets. Third, the Asian market is
geographically on Japan’s doorstep, and therefore receives a higher
priority. Finally, Japan has a longer term time horizon in its industrial
strategies, which appear particularly suitable to the infant CCT market in
Asia.

In summary, the U.S. appears to have the competitive CCT technology
edge, whereas Japan has the business culture and strategy edge in Asia.
Both countries appear to need each others cooperation to achieve maximum
benefit from the evolving CCT markets in Asia. The environmental
problems in Asia are so large that neither country can meet the CCT needs
of Asia alone. The potential exists for a larger total CCT market in Asia
through cooperation and joint ventures between U.S. and Japanese
companies.

Conclusions

The main theses of this paper are that major increases in coal
consumption will occur over the 1990-2010 period, and this will be
accompanied by major increases in coal related pollution in some Asian
economies. Coal fired electricity generation is projected to grow at a high
rate of about 6.9 percent per year over the 1990-2010 period. CCTs are
projected to account for about 150 GW of new coal-fired capacity over the
1990-2010 period or about one-third of all new coal-fired capacity. A
speculative conclusion is that China will account for the largest share of
CCT additions over the 1990-2010 period. Both the U.S. and Japan have
comparative advantages that might be combined through cooperation and
joint ventures to gain a larger share of the evolving CCT market in Asia.
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Table 1

Average Annual GDP Growth Rates

(Percent)
1980-1990 1990-2000 2000-2010
China 97 8.5 6.5
South Korea 8.2 8.0 6.0
Taiwan 8.0 71 55
Hong Kong 7.5 5.5 6.0
Thailand 7.3 8.0 6.0
Pakistan 6.6 6.1 5.5
India 58 4.6 50
indonesia 5.8 6.7 6.0
Malaysia 58 7.0 6.0
Japan 3.9 3.7 3.3
Philippines 1.9 3.4 4.5

Source: Coal Information 1991; International Financial Statistics; Project LINK, 1892:
and EWC Coal Project estimates,
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Table 2

Average Annual Electricity Growth Rates

(Percent)
1980-1990 1990-2000 2000-2010
Indonesia 14.2 10.0 7.2
Pakistan 11.9 8.5 6.0
South Korea 11.1 8.0 6.0
Thailand 10.8 9.5 6.0
India 9.1 6.0 5.0
Malaysia 8.6 7.7 6.0
Hong Kong 8.5 5.5 6.0
Taiwan 8.3 7.0 5.0
China 7.7 8.1 6.5
Philippines 4.3 5.2 5.0
Japan 3.7 3.3 2.6

Source: Coal Information 1991; International Financial Statistics; and EWC Coal Project estimates.
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Comparison of the Average CIF Prices of U.S. and
Non-U.S. Steam Coal Exports to Japan
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Source: EWC Coal Project, 1992.

Figure 1
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Table 3
Coal Consumption in Asial: 1990-2010

(Million metric tons)

Economy 1990 2000 2010 Increase
1990-2010
China 1,063 1,365 1,655 592
India 205 360 575 370
Japan 113 142 151 38
Australia 57 66 85 28
Korea (North) 52 65 75 23
Korea (South) 43 56 60 17
Taiwan 19 35 57 38
Hong Kong 10 13 16 6
Indonesia 7 25 45 38
Vietnam 4 8 17 13
Philippines 3 13 22 19
Thailand 1 6 25 24
Other 10 16 22 12
Total 1,587 2,170 2,805 1,218

1 Asia includes the SW Pacific but excludes the Russia; 1990 figures do not include stock

adjustments; excludes lignite. EWC Coal Project projections, 1992.
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Table 4
Coal Trade in Asial: 1990-2010

(Million metric tons)

1990 2000 2010 Change
1990-2010

Net Exporters

Australia 106 150 200 94
China 17 35 45 28
Russia (Eastern) 10 11 13 3
Indonesia 4 25 30 26
Vietnam ] 4 7 6
Net Exports 138 225 295 157
Net Importers

Japan 105 141 150 45
Korea (South) 22 43 53 31
Taiwan 19 35 57 38
Hong Kong 10 13 16 6
India 4 15 20 16
Korea (North) 3 5 5 2
Philippines 2 9 17 15
Thailand 1 6 25 24
Other 6 6 7 i
Net Imports 172 273 350 178
Net Trade -34 -48 -55 -21

I Asia includes the SW Pacific; excludes lignite. Includes exports from eastern Russia
into the Pacific, but Russia is not included in the production and consumption tables. EWC
Coal Project projections, 1992.
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UTILITY PANEL DISCUSSIONS

The Utility Panel will discuss: Experiences panel members have with CCTs, including
future prospects for CCTs; Conditions that must exist for utilities to use CCTs (i.e,,
financial, regulatory, etc.); and How CCTs fitinto Utility Clean Air Act compliance strategies
(why they were planned and how they are presently perceived).

Moderator:

Dr. George T. Preston, Vice President, Generation and Storage Division, Electric
Power Research Institute (EPRI)

Dr. Preston joined the Electric Powsr Research Institute (EPRI) in 1978 as Pro-
gram Manager, Desulfurization Processes, moving to Director, Environmental
Control Systems in 1981 and Director, Fossil Power Plants in 1984. in January
1991 he became Vice President, Generation and Storage Division. Dr. Praston
was instrumental in establishing EPRI's first subsidiary, CQ, Inc., and is Chair-
man of its Board of Directors.

Panel Members:

Dr. James J. Markowsky, Senior Vice President and Chief Engineer, American Electric
Power Service Corporation

Stephen C. Jenkins, Senior Vice President, Commercial Development, Destec Energy,
Inc.

Randall E. Rush, Director, Clean Air Act Compliance, Southern Company Services, Inc.

George P. Green, Manager, Electric Supply Resources, Public Service Company of
Colorado

Howard C. Couch, Manager, Environmental and Special Projects Department, Ohio
Edison Company
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DEPARTMENT OF ENERGY
CLEAN COAL TECHNOLOGY CONFERENCE
CLEVELAND, OHIO - SEPTEMBER 22-24, 1992

JAMES J. MARKOWSKY, Ph.D.

INTRODUCTION

American Electric Power generates approximately 85% of its electricity
using coal and consumes more than 40 million tons of coal per year.
The unique position of AEP as a large consumer of coal in the U.S. and
the location of the AEP system on extensive reserves of high sulfur coal,
has driven our effort to develop combustion technologies capable of
utilizing high sulfur coal efficiently, economically, and in environmentally
acceptable ways. We believe that, through the development of clean
coal technologies, coal can maintain its pre-eminent position as the fuel
of choice for base-load power generation.

The U.S. Department of Energy (DOE), through its Clean Coal
Technology initiative, has been the catalyst for bringing industry and
government resources to bear on the development of such technologies.
A number of these are now in the demonstration phase and on the verge
of commercial development. The availability of these varied technologies
will provide the basis for continued use of our most abundant fuel
reserves, while providing the flexibility to apply the best suited
technology to specific situations.
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DOE CCT CONFERENCE
CLEVELAND, OHIO 9/22-24 /92

AEP has been a leader in the development of one of these CCTs --
pressurized fluidized bed combustion (PFBC). Our commitment, which
began in 1976 with research into PFBC, participation in pilot programs
between 1979-1984, moved forward with construction of the 70 MWe
Tidd PFBC Project in 1988, and is extending into the future with a
program to scale-up PFBC to a 340 MWe plant for commercial operation
around 2002.

TIDD PFBC DEMONSTRATION
The PFBC technology, which exhibited early potential for burning high

sulfur coal in a cost effective manner, is being demonstrated today at
Ohio Power Company’s Tidd PFBC unit. The project, which is the first
pressurized fluidized bed combustor in the United States to operate in
combined-cycle mode, achieved initial coal fire operation in November,
1990.

Start-up of the unit generally proceeded as expected considering the
demonstration status of the technology. Difficulties were encountered
throughout the start-up and during the first year of operation. Numerous
revisions were incorporated to improve reliability. Availability of the unit
has been improving continually. The initial, sporadic operation, which
totalled approximately 820 hours on coal in the first year and a sustained
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run of 110 hours, has been improved to the point where the unit
operated continuously at a capacity factor of nearly 70% for
approximately 31 days (740 hours) during June/July, 1992. During this
run, the unit demonstrated the ability to fulfill its environmental and
performance guarantees. While refinements to the PFBC systems are
ongoing, the Tidd unit is demonstrating the basic viability of PFBC.

The Tidd Plant has now completed 2,600 hours of coal filing operation,

The next step in AEP’s PFBC Technology Program is incorporation of a
demonstration-scale hot gas clean up (HGCU) system into the Tidd
Project. The HGCU program, which is separately funded by the U.S.
DOE as an R&D Project, is scheduled for operation in November 1992,
The project will divert one-seventh of the Tidd PFBC combustion gases
to a new ceramic-barrier filter and then back to the clean gas outlet
header. Operation and testing of the slipstream will last 15-18 months
and is intended to demonstrate the viability of HGCU technology to
support PFBC, advanced-cycle PFBC, as well as other clean coal
technologies such as IGCC.
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The final step in AEP’s program is the engineering, design and
construction of a commercial size PFBC plant. Originally planned as a
330 MWe re-powering of two 150 MWe units at our Sporn Plant, the
project has evolved into a 340 MWe Greenfield installation adjacent to
our Mountaineer Plant in West Virginia. An extension of the schedule
has provided the opportunity to undertake a four-year program of "value
engineering" aimed at optimizing PFBC technology and reducing the cost
of the first-of-a-kind project to a level consistent with third-of-a-kind. The
opportunity to undertake this program will help make PFBC a viable

alternative to conventional coal-fired units.

OUTLOOK FOR AEP’S PFBC PROGRAM

Over the last 1-1/2 decades, American Electric Power has continued to
review emerging clean coal technologies. While we continue to consider
PFBC an attractive option for base-load generation on the AEP System,
we recognize that other CCTs also hold promise to utilize high sulfur coal

in an economic and environmentally acceptable manner.

Increasing stringent BACT requirements and the projected performance
of competing technologies have caused us to reassess the goals of our
PFBC program, particularly with regards to sulfur removal. A 90 percent
sulfur removal at a Ca/S molar ratio less than 1.8 looked attractive when
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AEP’s program was conceived. It is now apparent that 95 percent sulfur
removal at a Ca/S molar ratio of less than 1.6 will be necessary to be
competitive at the turn of the century.

The goals of the Tidd Test Program have been expanded to address
these issues. In addition to completing process and equipment
evaluation and feedstock testing, the remainder of the three-year
demonstration program will also focus on improving sulfur capture and
reducing the Ca/S molar ratio.

CHALLENGES FACING THE GENERATION OF ELECTRICITY

As utilities look ahead to the challenges of using coal-fired generation,

we must ask ourselves this question -- Do our existing coal-based
technologies options offer the efficiencies, economics, and environmental
performance that will be needed in the future?

Typically, the plants that utilities are putting on line today are ones
planned years ago or newly planned Combustion Turbines. The
remaining capacity additions are being provided by either NUGs or QFs.
The technologies being used are conventional and, typically, gas fired.
This is no surprise due to the low cost of both gas- and gas-based
generating capacity along with the shorter lead time.
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Driving much of this NUGs and QFs activity is the promotion by state
regulatory commissions for third party providers of electricity and least-
cost planning. The current low price for natural gas, surplus supplies,
low first-time cost, and environmental concerns are sustaining this
movement for gas-fired capacity for both NUGs and QFs. The forecasted
return to historic price premium later in this decade, along with potential
supply disruption has done little to mitigate the political and regulatory
pressure to pursue gas-based generation. |

Another major concern for the future use of coal is the expanded
hazardous air pollution program. EPA will be regulating 189 "air toxics",
some of which are found in coal in trace amounts. Initially, utility
sources are exempt from regulations, with EPA required to conduct a
study of emissions of these sources from power plants. If that study
indicates a need to control such emissions, EPA must then regulate
utility sources. Other than mercury, organic and HCI, most toxic

emissions reside in fine particulate.

To further reduce fine particulate emission would require "enhanced"
electrostatic precipitators or bag fiiters. Currently, there is no effective
economic way to reduce mercury emission. With respect to reducing
Mercury emissions, FGD potentially reduces emissions by 20-30%, fuel
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switch and/or coal cleaning reduces emissions by 5-10%. Even
switching to natural gas would only reduce Mercury emissions by 15-
40%. If air toxic reductions are required, their cost would dwarf the cost
of meeting Title IV requirements of the CAA.

The last, and perhaps most significant, environmental concern focuses
on a worldwide issue--global climate change. The possibility that the
earth’s climate may be altered through the emission of "greenhouse
gases" is receiving an increasing amount of attention. Most of this
attention is focussed on the emissions of CO, from the combustion of
fossil fuels. This has led to a growing emphasis on end-use efficiencies
as a possible approach to reducing CO, emissions. However, it will also
be important to focus on improving overall efficiency of energy supply.
This suggests a clear need to improve existing technologies and the
development of new ones.

Innovative clean coal technologies offer possible solutions to this part of
the dilemma. By striking the balance between technical, economic, and
environmental concerns involved in burning coal, ICCTs may assure us

of a continued clean and reliable source of electricity.
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Potentially, there currently exists a unique opportunity to commercialize
CCTs. The reduction in electric load growth has resulted in a situation
where many electric utilities have ample base-load generating capacity
to meet system demands into the late 1990s. This window provides the
opportunity to demonstrate new technologies and to insure their
availability for deployment in the next decade. After the turn of the
century, the industry will be facing the need to replace old, worn out

coal-fired plants and also meet new load growth requirements.

The need for new base-load generation will develop. The one question
is, will CCT -- like IGCC and PFBC -- be allowed to evolve to the level of
maturity which is required to be economically competitive. The typical
learning curve for new technologies may require replication of 3 to 5
installations of a particular technology before it reaches full maturity and
yields full economic benefit. Can this evolution occur in our current

regulatory environment?

US DOE, through its Clean Coal Technology initiative, has provided the
mechanism to initiate the commercialization process. The final step,
however, in the commercialization process will require our nation to look
at the long-term benefits of maintaining the coal option and
commercializing CCT as one of our long-range strategic objectives. This
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will require cooperation between industry, government, and regulators
to both encourage and help promote the commercialization of CCT.

The problems are:

1. Regulated utilities are typically risk adverse.

2. Conventional gas-fired and coal-fired technologies are typically
lower cost when compared to first- and second-of-a-kind clean coal
technology.

3. NUGs are poised to provide new generating capacity which is

based on mature conventional generating technology -- natural-gas

or pulverized coal-fired generation.
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4. So, how can utilities be encouraged to pursue commercialization
of clean coal technologies like IGCC and PFBC? -- Post DOE
funding.

Legislation at the state level would need to be passed which
would aliow state utility regulatory commissions to encourage
development of CCT. This may be in the form of:

¢ Excluding the first one or two CCT plants from Avoided
Cost determination.

e Agreement that prudently-incurred cost for such CCT
plants would be included in rate base.

e Accounting change such as accelerated depreciation.

These types of incentives should assist utilities in overcoming
the higher risk to specify CCT for future base-load generation.
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The system compliance strategy is designed to assure compliance with all emissions
limits at minimum system costs and maximum decision flexibility. Its development
and frequent updating of the plan requires a carefully coordinated effort between
system planning, research and environmental affairs, engineering, finance, fuel, plant
operations, and other functions within the service and operating companies.

With respect to Clean Coal Technologies, The Southern Company compliance
strategy makes extensive use of low-NO, burners. Using the cost and performance
results from The Southern Company Clean Coal Technology demonstrations and
results from demonstrations of other technologies, a model was developed to
determine first, the unit-by-unit technology needs for compliance and second,
optimum combinations of units and technology to minimize costs, The model
baseline is tied to 1991 and 1992 emissions data from the Phase 1 units. This model
is updated as more current cost and performance data are made available.

A companion to the technology strategy is the compliance schedule, which merges the
possible outage windows for The Southern Company’s 28 Phase 1 units with the time
available until the compliance deadline. When the schedule has dictated the need to
initiate procurement of compliance hardware, the strategy has provided guidance in
selecting from the many technological options.

The Southern Company continues to follow, develop, and demonstrate other clean
coal technologies for potential application in later phases of the Clean Air Act. Late
this year, a second generation Compact Hybrid Particulate Collector (COHPAC) will
begin pilot-scale operation at Plant Miller. This technology retrofits a baghouse in
place of the last fields of an electrostatic precipitator with the promise of fine
particulate collection at a significantly reduced cost over a full baghouse retrofit.
Demonstrations are also proposed for selective non-catalytic NO, reduction,
advanced low NO, digital controls, and simultaneous particulate and NO, removal on
ceramic filters.

Future Clean Coal Research and Planned Demonstrations
The Southern Company

Selective Non-Catalytic Reduction (SNCR)
COHPAC
Next Generation Low-NO, Burners
Air Toxics Measurement and Control
Advanced Low-NQ, Digital Control
Ceramic Filters
Power Systems Development Facility
Gasification
Pressurized Fluidized Bed Combustion (PFBC)
Combustion Turbines
Fuel Cells
Hot Gas Cleanup

———
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From these past and planned demonstrations of clean coal technologies, The
Southern Company will continue its compliance with the provisions of the Clean Air
Act. This will be accomplished through the effective use of demonstrated
state-of-the-art technologies that provide for environmentally acceptable disposal of
combustion and flue gas treatment byproducts while minimizing the impact on
ratepayers, stockholders, and the economic development of the southeast.

Keys to Effective Use of Clean Coal Technology
The Southern Company

Timely/Successful Demonstrations
Cost-Effective Application Opportunities

Consistency with Overall Strategy
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Comments from George P. Green not available for publication.
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Comments from Harold C. Couch not available for publication.

Clean Coal Technology Conference Proceedings P-145



P-146 Clean Coal Technology Conference Proceedings



SESSION 1:
Advanced Power Generation Systems

Chairs: Larry K. Carpenter, DOE METC
Dr. Larry M. Joseph, DOE Headquarters

American Electric Power Pressurized Fluidized Bed Combustion Technology
Update, Mario Marrocco, Group Manager, PFBC, American Electric Power Service
Corporation. Co-author: D. R. Hafer, American Electric Power Service Corporation.

Nucla CFB Demonstration CCT Program Summary: Project Origins through Test
Completion, Stuart A. Bush, Senior Engineer, Project Coordinator, Tri-State
Generation and Transmission Association, inc. Co-authors: M.A. Friedman, Senior
Associate, Combustion Systems, Inc., N. F. Rekos, U.S. DOE Morgantown Energy

Technology Center, and T. J. Heller, Tri-State Generation and Transmission Association,
Inc.

Status of the Pifion Pine IGCC Project, John W. Motter, Advanced Generation
Projects Manager, Sierra Pacific Power Company

DMEC-1 Pressurized Circulating Fluidized Bed Demonstration Project, Gary E.
Kruempel, Manager, Generation Engineering, Midwest Power.
Co-authors: S.J. Ambrose, Midwest Power, and S.J. Proval, Pyropower Corporation

The Wabash River Coal Gasification Repowering Project, David G. Sundstrom,
Business Development Manager—Coal Gasification, Destec Energy, Inc.

Status of Tampa Electric Company IGCC Project, Stephen D. Jenkins, Manager,
Advanced Technology, TECO Power Services

Clean Coal Technology Conlfarance Proceedings

11



Clean Coal Technology Conference Proceedings



AMERICAN ELECTRIC POWER PRESSURIZED
FLUIDIZED BED COMBUSTION TECHNOLOGY UPDATE

M. Marrocco and D. R. Hafer
American Electric Power Service Corporation
1 Riverside Plaza
Columbus, Ohio 43215

ABSTRACT

The American Electric Power Pressurized Fluidized Bed Combustion (PFBC) Program
is composed of a number of interlocking pieces. The 70 MWe Tidd PFBC
Demonstration Plant is a Round 1 Clean Coal Technology Project that was
constructed to demonstrate that PFBC combined cycle technology is cost effective,
reliable, and environmentally acceptable. The installation of a hot gas clean up
slipstream at Tidd, separately funded by the U.S. DOE as an R&D project, is
intended to demonstrate that Advanced Particle Filters (APF) can operate reliably
in the PFBC gas stream. The experience gained from these programs will be
factored in AEP's 340 MWe commercial PFBC unit, a Round 2 Clean Coal

Technology Project that is scheduled for operation around 2002.

This paper reviews PFBC technology and discusses project goals and milestones
achieved in each of the three areas being pursued. Special emphasis is placed on

the start-up and operation of the Tidd PFBC Demonstration Plant.
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INTRODUCTION

The electric utility industry has had a history of innovation in coal burning
technology. = The American Electric Power Company has been addressing the
challenges of coal combustion for over 70 years. Over those decades, significant
development efforts were focused on improving the Rankine efficiency of power
plants; however, little progress was achieved in improving the fundamental principles
of generating electricity. That began to change in the late 1980°s. An entirely new
menu of options began to emerge. These new clean coal technologies held the
promise of maintaining coal’s preeminent position as the fuel of choice for power

generation.

American Electric Power began investigating pressurized fluidized bed combustion in
1976. The technology exhibited the potential for a power generating option well
suited for the AEP system. Over a decade of studies, pilot plant, and component
testing was the prelude for the Tidd PFBC Demonstration Unit ground breaking in
April, 1988.

TECHNOLOGY DESCRIPTION

A fluidized bed consists of a mass of granular particles which is maintained in a
highly turbulent suspended state by an upward air flow. This fluidized state permits
excellent surface contact between the air and the solid particles which permits almost
isothermal conditions and efficient combustion. The temperature in the bed is
established between the combustion temperature and ash fusion temperature of the
fuel-for the Tidd Plant, the temperature is between 1520-1580°F. During combustion,
the SO, generated is removed by the addition of a sorbent, such as dolomite or
limestone, to the bed. This process has been demonstrated to remove 90-95% of
the sulfur from high sulfur coals. In addition to SO, removal, the process mitigates

the formation of NO, due to its relatively low combustion temperatures. The high
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operating pressure of a PFBC unit provides exhaust gases with sufficient energy to
drive a gas turbine, allowing a combined cycle configuration, which is more efficient

than other alternatives.

TIDD PFBC DEMONSTRATION

The Tidd PFBC Demonstration Plant, a 70 MWe electric generating station in
Brilliant, Ohio, is the first pressurized fluidized bed combustor to operate in
combined cycle mode in the United States. Funding for the $193 million project is
being provided by Ohio Power Company, the U.S. Department of Energy ($60.2
million), and the Chio Coal Development Office ($10 million).

The Tidd PFBC Demonstration Plant involves repowering a 1940’s vintage coal-fired
power plant with PFBC components in order to demonstrate that combined cycle
PFBC can efficiently burn high sulfur coal, while meeting environmental requirements
for NO, and SO, emissions. Additional objectives for the program are aimed at
assessing boiler tube erosion in a bubbling bed environment, and establishing the

adequacy of a ruggedized gas turbine to perform in a flue gas stream.

The original Tidd Plant, consisting of two 110 MWe conventional coal-fired units, was
decommissioned in 1976. The units were preserved in anticipation of a PFBC
repowering. Major balance of plant equipment was subsequently utilized in the Tidd
demonstration. Major plant additions included the combustor building, economizer,

electrostatic precipitator, and coal and sorbent storage areas.

The PFBC power island, which has been incorporated into the existing steam cycle,
provides a nominal steam flow of 440,000 pounds per hour at 1300 psia and 925°F,
and has a gross electrical output of 70 MWe. Figure 1 depicts the Tidd cycie.
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Figure 1 - Tidd PFBC Demonstration Plant Cycle

Combustion air at about 175 psia is provided by the gas turbine compressor to the
combustor pressure vessel through the outer annulus of a coaxial pipe. The
combustion air fluidizes and entrains bed materials consisting of fuel (coal/water

paste), coal ash, and sorbent (either delomite or limestone).

Seven strings of two-stage cyclones, located within the combustor vessel, remove about
98 percent of the entrained ash from the fluidized bed exhaust gases. The clean,
hot gases leave the pressure vessel via the inner cavity of the coaxial pipe and are
expanded through an ASEA Stal GT-35P gas turbine, then exit through the turbine
exhaust gas economizer. An electrostatic precipitator cleans the gas of particulate

prior to exhausting to the atmosphere.
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The steam cycle is a typical Rankine c¢ycle with a once-through boiler. Condensate
is heated in three stages of low pressure heaters and the gas turbine intercooler as
it is pumped to the deaerator. A single high pressure heater and an economizer
raise the final feedwater temperature to about 480°F. The feedwater passes through
the boiler bottom zone and into the in-bed evaporator surface. Steam generated
there is conveyed to a vertical separator outside the pressure vessel; flow to the
separator is two-phase up to about 40 percent load and slightly superheated at full
load. Saturated or slightly superheated steam from the vertical separator is routed
back to the in-bed tube bundle where it passes through primary and secondary
superheater sections. Final steam temperature is controlled by spray attemperation

between the primary and secondary superheaters.

Coal is injected into the combustor as a coal water paste nominally containing 23
percent water by weight. Paste preparation begins by reducing the 3/4" x 0
feedstock to -1/4" in a double roll crusher, The crushed coal is conveyed to a
vibratory screen (which controls the coal top size), and then into the coal water
paste mixer where water is added. The mixer discharges the coal water paste tfo
two interconnected surge tanks which feed six hydraulically driven piston pumps, each

of which supply an individual in-bed fuel nozzle.

Sorbent feedstock sized at 3/4" x 0 is reduced to 1/8" x 0 by a hammer mill
crusher. A vibratory recycle screen controls the top size of the prepared sorbent.
Crushed sorbent is injected into the fluidized bed via two pneumatic feed lines

supplied from dual lock hopper strings.

Bed ash, which comprises about 50 percent of the total ash produced, is removed
from below the bed via a lockhopper system. Elutriated ash collected by the
cyclones is removed via a pressurized pneumatic transport system which depressurizes

and cools the ash without using valves or lockhoppers.
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HOT GAS CLEAN UP SYSTEM

An additional feature incorporated into Tidd during 1992 is a demonstration scale
hot gas clean up (HGCU) system, separately funded by the U.S. DOE as an R&D
project. One-seventh of the PFBC main gas flow will be diverted to a new ceramic
barrier filter and backup cyclone, and will then be directed back to the secondary
cyclone outlet header inside the combustor pressure vessel. Operating and testing
of the HGCU slipstream will occur during the last 15 to 18 months of the Tidd
three-year test period, and is intended to demonstrate the viability of HGCU
technology to support PFBC, advanced-cycle PFBC, and other clean coal technologies.

Figure 2 illustrates the incorporation of HGCU at Tidd.
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Figure 2 - Tidd HGCU Test Facility Arrangement
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OPERATIONAL SUMMARY

The Tidd PFBC Plant achieved its first coal fire in November, 1990. Operation in
the first year was sporadic, with the longest sustained run being 110 hours and the

total operation on coal 818 hours,

In mid-September, 1991, the unit was taken out of service for a 12-week outage
aimed at addressing the operational issues which had been identified. Significant
modifications were made to address both operational and equipment difficulties.

Table 2 provides a listing of the areas of modification.

The unit was returned to service in December, 1991, Unit operation was more
consistent, but still limited by operating problems. From December {5 to March §,
1992, the unit operated on coal for a total of 530 hours, with the longest sustained
run lasting 154 hours. In mid-March, 1992, cracks were discovered in the blade
roots of the single-stage, low pressure gas turbine. (The probiem was determined
to be fatigue cracking due to resonant vibration, and as such is a gas turbine design
issue, not a PFBC technology concern.) As a result, a nine-week outage was taken
to replace the turbine blades. The HGCU test system, configured in the bypass
mode, was also tied in at this time. Additionally, an extensive coal preparation test
program was undertaken during this outage in an attempt to improve coal paste
quality and crusher reliability. The unit was restarted on May 10, 1992, but an
expansion joint failure in the newly installed HGCU loop forced a shutdown. The
HGCU piping problem required extensive rework, so it was decided to isolate the
one cyclone string used by HGCU and to return the unit to operation with six
c¢yclone strings.  Tidd returned to service on June 9, 1992, The unit ran
continuously for approximately 740 hours at nearly 70% capacity factor. The unit

was removed from service on July 10, 1992, to perform equipment inspection.
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POST-BED COMBUSTION

In a bubbling bed PFBC, burning which occurs above the bed is referred to as post-
bed combustion. Two types of post-bed combustion were experienced during the first
year of operation. The first type occurred primarily at low bed levels (reduced
load) and centered in the cyclone dip leg (the lower portion of gas cleaning
cyclones). These fires were attributed to excessive carbon carryover at low bed levels
(reduced load). The other type of fires were observed at higher bed level (higher
loads) and involved the entire gas stream. These fires were attributed to combustion
of volatiles that had not burned in the bed due to localized oxygen depletion near

the fuel nozzles.

Both types of post-bed combustion resulted in excessive freeboard and cyclone
temperatures which, at times, approached material limits. Load curtailment and unit

shutdowns were typical consequences of post-bed combustion.

Both types of fires were the result of incomplete combustion; efforts were directed
toward achieving better distribution of fuel in the bed. It was subsequently
determined that drier coal water paste reduced the intensity of the fires. This was
apparently due to the ability of the fuel feed nozzles to produce better dispersion
of the drier coal water paste, thereby reducing localized volatile release and

improving combustion.

During the Fall of 1991, modifications were made to the fuel injection system to
achieve better fuel distribution. In addition, a freeboard gas mixing system was
installed. The purpose of the system was to mix the freeboard gases/solids to
prevent localized concentration of volatiles or unburned carbon. This would spread
the heat release from these combustibles over the entire gas stream and prevent
localized hot spots. In addition to these physical changes, an intensive program was

undertaken to reduce coal water paste water content, while maintaining pumpability.
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The improved paste quality and fue! distribution, in conjunction with freeboard
mixing, has resulted in acceptable in-bed combustion and no evidence of significant

post-bed volatile or carbon fires has been noted in recent operation.
BOILER

The amount of in-bed boiler tube surface provided initially was inadequate and
resulted in achieving only 73 percent of design heat transfer at the original full bed
height of 126 inches. During the Fall 1991 outage, approximately 25 percent more
in-bed surface was added above the existing tube bundle with the intent of achieving
full design heat absorption. At the new full bed height of 142 inches, the heat
absorption is still only approximately 93 percent of design.  Investigations are

underway to determine the reason for the remaining shortfall,
TEG ECONOMIZER

The finned tube turbine exhaust gas economizer has exhibited significantly heavier
fouling than anticipated, resulting in excessively high gas side velocity. ’Vibration
induced by the high velocity is believed to have been the cause of four tube failures
that occurred in mid-1991. Four soot blowers and some additional anti-vibration tube
supports were installed during the Fall 1991 outage. While no additional leaks have
been experienced since then, heavy fouling in regions of the economizer that the soot
blowers could not reach was still occurring. Four additional soot blowers have been

installed.
SORBENT INJECTION SYSTEM

At initial start-up, the sorbent injection system experienced numerous operating
difficulties related to valve and rotary feeder malfunction and wear. Severg erosion
of the sorbent transport piping was also a problem. Through various material

changes and equipment replacement, the sysiem is now reliable.
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An additional concern relates to the formation of sorbent-based "clinker" deposits in
the tube bundle above the two sorbent injection nozzles and the adjacent coal
nozzles. The clinkers, which are agglomerates of bed material and very fine sorbent
particles (with no evidence of fusion), appeared for the first time in January, 1992.
The cause of the clinkers was not readily apparent. However, changing the point
of sorbent admission into the bed (by shortening the injection nozzles) and slightly
increasing the sorbent injection velocity has eliminated clinker formation during
subsequent runs. Additional investigations and experiments will be performed in the

future in order to obtain a better understanding of this phenomenon.

COAL PREPARATION/COAL INJECTION SYSTEM

The coal preparation system was designed to crush 3/4" x O coal to a size
distribution suitable for both good paste pumpability and good combustion within the
fluidized bed. The critical parameter for good pumpability is that 20 percent of the
crushed coal must be -325 mesh, which then permits the moisture content of the
paste to be maintained in a range of 24 to 25 percent by weight. As the -325
mesh fraction declines below 20 percent, the moisture content of the paste must be

increased to achieve good pumpability.

During the first 14 months of operation, the coal crusher was capable of producing
only 12 to 15 percent -325 mesh fines. With this siz¢ consistency of coal, the
moisture content of the paste had to be increased to the range of 25 to 28 percent
by weight to maintain pumpability, Numerous changes were made to the crusher
during this period to improve the production of -325 mesh fines, but without success.
Modifications included installation of larger drives, the cutting of grooves on the

roller surface, and operation in several different control modes.

Clean Coal Technology Confersnce Procesdings



Prior to the gas turbine outage in March, 1992, a recycle loop was added to the
system to permit up to 100 percent of the feed coal to be recycled through the
crusher. This has been effective in producing 18 to 22 percent of -325 mesh fines.
The 31-day continuous run in June-July, 1992 verified that this mode of operation

produces a consistent coal water paste with 24 to 25 percent moisture by weight.

Another problem experienced with the coal system was rapid corrosion of carbon
steel surfaces in contact with paste. The nominally 3.5 percent sulfur Pittsburgh No.
8 coal being tested at Tidd, when mixed with water, produces a paste with a pH
as low as 3. This resulted in significant corrosion damage to the coal paste mixer
and coal paste pumps from November, 1990 to September, 1991. During the Fall
1991 outage, all carbon steel surfaces in the mixer and paste pumps were replaced

with austenitic stainless steel. To date, these modifications have been successful,

GAS CLEANING CYCLONES/ASH REMOVAL SYSTEMS

The gas cleaning equipment for Tidd consists of seven parallel strings of cyclones.
Each string has two stages of cyclones referred to as the primary and the secondary.
Ash collected in each cyclone is pneumatically transported from the combustor vessel

using the combustor pressure as the driving force.

During early plant operation, from December, 1990 to March, 1991, pluggage of the
secondary cyclone ash removal system resulted in unacceptable unit availability.
Numerous modifications were made to reduce pressure drop in this system and thus
increase transport capacity. Originally, the seven primary and seven secondary ash
lines combined into one line which was routed to the cyclone ash silo. By March,
1991, the primary and secondary systems were decoupled and the secondary ash line
was routed to the precipitator inlet. In addition, several modifications were made

to the ash lines inside of the combustor vessel to further improve transport capacity.
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Starting in March, 1991, the secondary ash transport system was sufficiently reliable
to permit continuous operation. At shutdowns, however, ash buildup in the cyclone
dip legs would not permit restart of the unit until the ash was removed from the
dip leg. In order to minimize the impact of this buildup on unit operation, the dip
legs of all secondary cyclones were shortened approximately 20 feet during the Fall

1991 outage.

After the Fall 1991 outage, pluggage of the secondary ash system again adversely
impacted unit availability. In mid-January, 1992, pluggage was found to be caused
by excessive pressure drop in the secondary ash line outside of the combustor vessel.
The pressure drop was reduced by redesign and replacement of the ash line, and the
system began to function properly. The secondary ash removal system is now
considered marginally acceptable.  Some pluggage still occurs at start-up, but
experience has shown that these tend to clear themselves when combustor vessel
pressure increases after firing coal. During the 31-day run, though, one secondary

cyclone remained plugged. Subsequent inspection revealed the pluggage was due to

restriction of the ash pickup nozzle by a foreign object.

Operation of the primary ash removal system has generally been acceptable, except
for a two-month period in mid-1991, when pluggage of the primary ash removal
system began to impact unit operation. At first, each pluggage could be traced to
a process upset, usually in the sorbent injection system. It was believed that the
process upset resulted in a temporary increase in ash loading to the cyclones which
overwhelmed the transport capacity. The system was totally dismantled and inspected
as part of the Fall 1991 outage and it was found that air in-leakage into the
primary ash lines inside the combustor vessel significantly reduced the transport
capacity of the system. The process upsets were merely overwhelming a system that

was operating at marginal capacity.
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An extensive program was instituted during the Fall 1991 outage to eliminate the air
in-leakage in both the primary and secondary ash removal systems. Bolted
connections were replaced with welded connections where possible, shop fabrication
flaws in cast components were repaired, and extensive quality control measures were
applied to tightening procedures for the bolted connections that could not be

replaced.

GAS TURBINE

The gas turbine has experienced relatively small, but measurable amounts of erosion
after 2100 hours of coal-fired operation. Periodic inspections have shown that normal
unit operation produces very little erosion; however, the erosion rate increases
significantly when cyclone ash removal lines are plugged. The most serious erosion
has occurred when a primary cyclone ash removal line plugs. In such an event, the

corresponding secondary ash removal line is overwhelmed and quickly plugs.

Primary cyclones normally collect 98 percent of the ash in the gas stream and the
secondary cyclones remove approximately 33 percent of the remainder. When an
entire string plugs, the gas turbine dust loading increases tenfold. A more important
factor, however, is the size of the particles reaching the gas turbine. Each cyclone
stage collects progressively smaller particles, with the normal secondary cyclone
exhaust dust containing virtually no particles larger than five microns. When an
entire string is plugged, the gas turbine is exposed to particles as large as 250
microns. The erosion rate is much more sensitive to particle size than to dust
loading. Generally, when only a secondary cyclone ash removal line plugs, the
increase in erosion rate is minimal. During the 31-day run, the unit was operated
with one secondary cyclone plugged and erosion was higher than anticipated. The
system configuration of six cyclone strings instead of seven is thought to have

contributed to this increased erosion.
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An ongoing problem with the gas turbine has been bypassing of air from the high
pressure compressor directly into the turbine. The present estimate of this leakage
is approximately three times the design value for seal and cooling air flow. Given
the limits on compressor volumetric flow, this leakage results in limiting the unit
firing rate, with the limit being more severe with increasing ambient temperature.
Modifications to a suspected area of leakage during the Fall 1991 outage did not
resolve the problem, and investigations are continuing to identify the source of the

leakage.

As noted earlier, fatigue cracks attributed to resonant vibration were found in the
root area of a number of low pressure turbine blades in March, 1992, New blades
designed to prevent this condition were installed before the unit was returned to

service in May, 1992.

UNIT PERFORMANCE

Unit performance tests for contract acceptance were conducted in June, 1992. The
tests were run at full bed height with the maximum firing rate and highest bed
temperature attainable at that time. Firing rate was limited by the available air and
the in-bed tube bundle absorption capability, The steam flow was impacted by
deficiencies in both in-bed tube bundle and economizer absorption capabilities. In
addition to the effects of reduced firing rate and low steam flow, gross unit output
was affected by degraded steam cycle efficiency. Preliminary results for key
parameters, along with a comparison to expected values, are provided in Table 3.
Also noted in the table is data from a test run in February, 1992, in which
approximately full load heat input was attained. The higher firing rate was possible
due to increased gas turbine compressor capacity with a cooler ambient temperature

and operation at a lower excess air level.
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Table 1

TIDD PFBC PERFORMANCE
COMPARISON OF TEST RESULTS TO EXPECTED RESULTS

Test Test

June, 1992  Feb., 1992  Expected
Unit Firing Rate (MW,) 190.3 205.1 2063
Gross Unit Output (MWy) 60.2 70.0 700
Gas Turbine Output (MW¢) 13.2 1538 150
Mean Bed Temperature (°F) 1550 1579 1540
Main Steam Flow (klb/hr) 395 432 442
Economizer Gas Outlet Temp (°F) 419 428 355
Air Flow to Combustor (kib/hr) 593 593 655
Combustion Efficiency (%) 994 N/A 98.0
Excess Air (%) 20.1 13.3 250
Suifur Retention 92.6 63.1 90.0
Ca/S Molar Ratio (as tested) 2.05 2.17 -
Ca/S Predicted at 90% Retention 1.82 1.87 2.00
NO, Emissions (Ib/ 10 Btu) 0.18 0.15 0.50

SUMMARY

The Tidd PFBC Demonstration Plant has completed over 2100 hours of coal-fired
operation and has met its environmental performance objectives. With the 100-hour
run at full load and the 31-day continuous run, the unit has met its reliability
objectives. Also, with the exception of the deficiency in gas turbine power output
as a result of excessive air leakage, the PFBC power island equipment has met all

performance guarantees.
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The main operating problems prior to this year’s successful runs can be attributed
to the coal preparation and cyclone ash removal systems. Qur experience to date
emphasizes the importance of proper coal preparation to achieve reliable coal
injection and proper coal combustion within the bed. Of similar importance is
performance of the cyclone ash removal system to ensure that the exhaust gas is

sufficiently clean for gas turbine survivability.

While refinement of all PFBC systems is likely, the cyclone ash removal and coal
preparation systems will require the most significant efforts for commercialization of
PFBC technology.

OUTLOOK FOR AEP'S PFBC PROGRAM

Over the last decade, AEP has continued to review emerging clean coal technologies,
and we have continued to reassess our support for the PFBC option. While we
continue to consider PFBC an attractive option for base load coal generation, we
recognize that tightening of government environmental standards and the projected
performance of competing technologies mandate a reassessment of our PFBC program
goals, particularly with regards to sulfur removal. Although 90 percent sulfur removal
at a Ca/S molar of 2.0 looked attractive when AEP’s PFBC program was conceived,
it is now apparent that 95 percent removal at Ca/S molar ratios of less than 1.6

will be necessary.

Therefore, in addition to completing process evaluation and feedstock testing, as
scheduled, during the remainder of the three-year demonstration period, the Tidd test

program has been expanded to focus on achieving a more stringent sulfur capture.
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PFBC UTILITY DEMONSTRATION PROJECT

The Philip Sporn Plant PFBC Project was conceived as a 330 MWe repowering of
the existing Sporn Plant Units 3 and 4, with start-up in 1996. The project was
proposed to the U.5. Department of Energy in 1988 and was accepted for funding
as part of the CCT II initiative. A cooperative agreement was signed in April, 1990
for the $660 million program. DOE agreed to cost share $185 million dollars in
project costs.  Ohio Power Company and Appalachian Power Company, both
operating subsidiaries of American Eleciric Power Company, were to fund the

balance.

Subsequent re-evaiuation of AEP’s PFBC commercialization program indicated that
economic considerations favored a "Greenfield site” over a repowering. It was also
determined that a scheduled extension was appropriate based on system load growth
considerations. The 330 MWe Sporn Repowering Program evolved into the 340
MWe PFBC-001 "Greenfield" Plant, with a start-up around 2002. Extensive site
studies indicated that AEP’s Mountaineer site, in New Haven, West Virginia, on the
Ohio River about 35 miles northwest of Charleston, West Virginia, was the most

advantageous location.

The extended schedule for the commercial plant provides the opportunity to mitigate
the risks of a commercial scale-up. AEP is taking advantage of this additional time
by undertaking a four-year "value engineering" program. The first two years of
which will concenirate on optimization of PFBC technology. The second two years

will focus on integration of the PFBC power island with the balance of plant.
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The stated goals of the "value engineering" program is to mitigate technical risk by
drawing on the operating experience of the three PFBC units presently operating
(Tidd, Vartan, Escatron) and by testing innovative concepts for PFBC commercial
application (i.e. increased sulfur capture at lower Ca/S molar ratios). An additional
goal of the program is to lower the projected cost of the "first-of-akind" PFBC unit

to a level typically associated with "third-of-a-kind" units.

AEP recently entered into a contract with the Babcock & Wilcox Company, the
licensee of ASEA Brown Boveri Carbon, for systems and process optimization studies

aimed at addressing these goals (see Table 4).

Plans are underway for a concerted testing effort at Tidd aimed at achieving SO,

capture of 95% at Ca/S molar ratios of less than 1.6.

The scheduled revision of the PFBC-001 commercial project should not significantly
impact the commercializing program for PFBC. The significant reduction in electric
load growth has resulted in a situation where many utilities in the nation find
themselves with an ample generating capacity. It is not likely that a significant
number of base loaded, coal fired units will be committed in the remainder of this
decade. The need for base load generation will surface early in the next decade.
Successful demonstration of PFBC technology at Tidd, optimization of both technology
and economics, as a result of AEP’s "value engineering” program, and design,
construction and operation of a commercial PFBC-001 wunit around 2002 should
provide utility executives with the basis for deployment of PFBC technology on a

time scale consistent with the need for base load power.
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Nucla CFB Demonstration CCT Program Summary:
Project Origins through Test Completion

S. A. Bush
T. J. Heller
Tri-State Generation and Transmission Association, Inc.

M. A. Friedman
Combustion Systems Inc.

Abstract

The Nucla circulating fluidized bed (CFB)
boiler is a 110 MWe dual combustor, non-reheat
design that was constructed between 1985 and
1987 to repower an existing 36 MWe station
located in western Colorado. At the time, the
boiler was the largest CFB in the world and the
first utility application of this technology in the
United States. As part of its demonstration of
utility-sized fluidized bed combustion technol-
ogy, the Electric Power Research Institute
(EPRI) selected the project in 1985 as a host for
a detailed test program. In 1988, the U.S.
Department of Energy (DOE) became a co-
sponsor of the test program as part of its demon-
stration of Clean Coal Technology. The repow-
ered Nucla plant was owned and operated by the
Colorado-Ute Electric Association, Inc. (CUEA)
through April 1992. At this time, Tri-State
Generaton and Transmission Association, Inc,
assumed ownership and control of the staticn in
a bankmprcy reorganization.

The unit burns a low sulfur (0.5 %) bituminous
coal mined in western Colorado that is delivered
to the plant by truck. Periodically, the station
has taken advantage of the fuel flexibility
offered by the technology by switching to least
cost coal supplies. This has included blends of
bituminous gob and gilsonite. Crushed lime-
stone 1S used within the combustion process to
control SO7 emissions to 0.3 Ib/MMBtu and 70

N. F. Rekos
U.S. Department of Energy

percent retention. As a result of lower mean
combustor operating temperatures compared to
other coal-burning technologies, NOx emissions
are inherently low and meet regulated levels of
0.4 1b/MMBtu without add-on processes for
control.

As part of the Demonstration Test Program, a
total of 72 steady-state performance tests were
conducted on the unit. In addition, specialized
tests were performed to quantify transient
charactenisitics of the boiler, along with the
performance of the air heater, baghouse, and hot
cyclones. Monthly operating statistics and costs
were also tabulated during the test period. This
data and information have been documented in a
series of reports published by EPRI and the
DQE. This paper summarizes the history of the
project along with some of the key results from
the test program.

Introduction

The original Nucla Station was built in 1959 and
consisted of three identical stoker-fired units,
each rated at 12.5 MWe. Due to its reduced
position on the dispatch order resulting from
poor station efficiency and increased mainte-
nance costs, the decision was made in 1984 to
upgrade and repower the station with a new
419,580 kg/h (925 kib/h) circulating fluidized
bed boiler and 74 MWe turbine-generator. This
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foilowed a detailed review of existing technolo-
gies, including several bubbling and circulating
fluidized bed designs.

At that time, there were several small bubbiing
FBC’s operating in the United States. but it
wasn't until 1985 that the first two industriat
CFB’s built by Ahlstrom Pyropower came into
commercial operaton. The boiler conrract for
Nucla was eventually awarded 1o Pypropower
for their proposed CFB design. Utilizing twin
combustion chambers, each chamber repre-
sented a 2:1 scale-up in height and plan area
over their largest operating unit.

Except for the old stoker-fired boilers. most of
the equipment from the old plant, including the
turbine-generator sets, was refurbished and
reused bringing the gross plant electrical output
to 110 MWe. The project offered several
advantages including a station heat rate im-
provement of 15%, reduced fuel costs due to the
inherent fuel flexibility of the CFB design,
lower emissions required by New Source Per-
formance Standards, and life extension 30 years
beyond the plant's original design.

Construction of the new CFB boiler began in the
spring of 1985 and was completed over a two-
year period. First turbine roll was initiated in
May 1987 and first coal fires were achieved in
June of that year. Acceptance tests on the
design western bituminous coal were conducted
in October, 1988 and operational tests on a high
ash (~35 wt.%) and high sulfur (~2.5 wt.%)
western bituminous coals were performed the
following year.

Detailed planning for a CFB demonstration test
program was initiated by EPRI in 1985. In
August 1988, the U.S. Department of Energy
added the project to its Clean Coal Technology
Program. The test program was implemented in
two phases with Phase I covering the period
from February 1987 through June 1990. This
phase was jointly sponsored by both organiza-
tions. Phase II covered the period from July

1990 through January 1991 and was solely
sponsored by the U.S. DOE with administration
by the Morgantown Energy Technology Center.

A total of 72 steadv-state performance tests
were completed during the Phase I and II test
programs at various unit loads, excess air levels,
primary to secondary air ratios, fuel and sorbent
feed configurations, calcium/sulfur ratios, and
bed temperatures. In addition, specialized
instrumentation was used to measure heat
transfer to the water walls, to study the extent of
gas mixing in the combustion chambers, and to
monitor and record the transient behavior of the
unit,

Final capital costs associated with the engineer-
ing, construction, and start-up of the repowered
Nucla Station with CFB technology were ap-
proximately $112.3 million. This represents a
cost of $1,123/net kW, As part of an Economic
Evaluation performed during the Phase I test
program, total monthly production expenses
were documented and recorded berween Sep-
tember 1988 and January 1991. Total power
costs associated with operating the plant during
this period were $54.75 million resulting in a
normalized cost of power production of $63.63/
MWh. The average operating cost per month
over this time period was $1,887,959. Fixed
costs, including interest, taxes, insurance and
depreciation, represented 61.54 percent of this
total. Fuel expenses and maintenance costs
accounted for 26.19 percent and 5.51 percent of
this total, respectively.

Facility Description

General Arrangement
The new CFB boiler generates 925,000 1b/h of

steam at 1510 psig and 1005 °F, utilizing a twin
combustion chamber design with a height of
approximately 110 feet and a total plan area of
1055 square feet. A plan and side view of the
boiler arrangement is shown in Figure 1. Each
combustion chamber is nearly square in cross-
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Figure 1. Top and Side View Schematic of the
110 MWe Nucla CFB.

section and consists of water wall, membrane
construction with a refractory-lined lower
section. Each chamber is equipped with a
refractory-lined hot cyclone approximately 23
feet in diameter. The outlets of the cyclones
join together and enter a commen convecton
pass. Captured solids are recycled to the lower
combusdon chambers through loop seals located
near the bottomn of each chamber. The two
combustion chambers have individual systems
for fuel, air, and sorbent supply and ash re-
moval. Because both chambers share a common
steam/water circuit and steam drum, indepen-
dent firing is not possible.

Fiue gas and uncollected fine particles exit the
¢yclone at combustor operating temperatures
and flow through a common convection pass,

tubuiar air heater. shake/deflate type baghouses
(three from the original stoker-tired units and a
fourth new baghouse), and induced draft fan to
the stack. The convection pass is equipped with
primary and final superheater tube surfacing and
an economizer. Because of emissions control
within the combustion process. backend equip-
ment for SO2 and NOx control is not required to
meet Colorado emission standards.

Coa] and Limestone Feed

Coal is delivered to the plant by truck and is
crushed to 1/4 by 0 inch by primary, secondary
and final crushers. It is then stored in two in-
plant silos with a combined 24-hour full-load
firing capacity. After exiting the silos onto one
of six gravimetric feeders (three per combustion
chamber), coal is gravity fed to two locations
along the front wail and to the recycle loop seal
return leg along the rear wall of each chamber.
A rotary valve, combined with fuel feed com-
bustion air, isolate the hot combustion chamber
gases from the gravimetric feeders. Limestone
is pneumatically conveyed in the vicinity of the
coal feed points along the front and rear walls
and to a single location along the side wall of
each chamber.

Combustion Aj
Combustion air is supplied to the process by
primary and secondary air fans. Air from the
primary air fan flows through the tubular air
heater where it is preheated to approximately
450°F before entering the windboxes and pass-
ing through the air distributor. Air from the
primary air fan also enters the combustion
chambers through ports located approximately
two feet above the air distributor, and through
the coal feed ports. Secondary air is distributed
through ports located approximately eight feet
above the air distributor. High pressure blowers
also supply fluidizing/combustion air to the side
mounted ash coolers and loop seals. Additional
air enters the combustion chambers as transport
air through the limestone feed ports.
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Solids Waste Removal

Bed matenal, or bottom ash, is removed from
the combustors through side-mounted fluid bed
ash coolers (two per combustion chamber).
Here. the ash is cooled and fines are returned to
the lower combustion chamber. Depending on
the temperature. coarse solids exiting the ash
coolers can be cooled further in a water-cooled
screw, or can be vacuum transported directly to
a storage silo for truck disposal. Fly ash is
collected at three points in the process including
the convecton pass. air heater and baghouse
hoppers. The ash 1s vacuum conveyed to a
storage silo where it is wetted and transported to
the disposal site by truck.

Water/s ey
The water/steam circuitry for the boiler is shown
in Figure 2. High pressure feedwater enters the
economizer tube bundle located in the lower
convection pass. The outlet tubes from the
economizer avel vertically through the top of
the convection pass. pass over the top of the
cyclones, and enter downward into the drum.
The vertical length of economizer tubing serves
as a support suucture for the primary and final
superheater tube bundles. Water from the drum
flows by gravity down one of three downcomers
to lower water-wall headers. The water-walls of
the two combustion chambers rely on natural
circulation and account for approximately 55-60
percent of the total heat duty.

Saturated steam exiting the steam drum travels
to the steam-cooled convection cage and then
into the primary superheater located in the
convection pass. From here, it splits into paral-
lel flow paths and through attemporator spray
stations before entering the secondary super-
heaters located in the upper furnace sections of
each combustion chamber. The secondary
superheaters consist of four panels that wrap
around three wails of each combustion chamber.
After exiting the combuston chambers, steam
ravels through a second set of attemporator
spray stations and crosses over into the final
superheater tube bundles located in the upper
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Figure 2. Schematic of Steam/Water Circuitry.

convection pass. The cross-over into the final
superheater serves to equalize steam tempera-
tures that may exist due to differences in com-
bustion temperatures and heat transfer rates
between the two furnaces.

From the final superheaters, superheated steam
at 1500 psig and 1005°F travels to the new 74
MWe turbine-generator. Controlled steam
extraction off the new turbine at 640 psig is
routed to the three existing 12.5 MWe turbine-
generator sets. Each of the old units is equipped
with refurbished condensers, hotwells, conden-
sate pumps, and low pressure feedwater heaters.
Condensate from the old units then passes to the
new deaerator storage tank via forwarding
pumps. The arrangement of the turbine-genera-
tor sets is shown in Figure 3.

Summary of Demonstration Test Program

Detailed planning for a test program was initi-
ated by EPRI in 1985. This included the devel-
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Figure 3. Schematic of Turbine Arrangement.

opment of test plans, resource planning, specifi-
cations and installation of additional instrumen-
tation, data acquisition hardware and software,
and specialized test equipment. Preparation for
the test program commenced in February 1987
with the arrival of a permanent testing staff to
the site.

In August 1988, after expressing interest in the
Nucla project as part of its Clean Coal Technol-
ogy Program, the U.S. Department of Energy
awarded a Cooperative Agreement No. DE-
FC21-89MC25137 to the CUEA as co-sponsors
of the test program along with EPRI. This was
done after careful review of the overall scope
and objectives of the Nucla project to verify the
DOE'’s critena for demonstrating clean coal
technology in new and retrofit/upgrade applica-
tions. Administration of the cooperative agree-
ment was performed by the DOE’s Morgantown
Energy Technology Center located in
Morgantown, West Virginia. The objective of
the DOE Cooperative Agreement was to con-
duct a cost-shared Clean Coal Technology
Project to demonstrate the feasibility of circulat-
ing fluidized bed combustion technology and to
evaluate economic, environmental, and opera-
tional benefits of CFB steam generators on a
atility scale.

To address the operational and environmental
benefits of the technology, a total of 72 steady-

state performance tesis were completed during
the test program. Of these tests, 8§ were con-
ducted on a local Nucla coal and 2 on a local
Dorchester coal as part of alternate fuels testing,
and 62 were completed on Salt Creek coal. This
latter coal was the baseline fuel used for the test
program. A summary of the properties of these
fuels is shown in Table 1. A total of 22 tests
were performed at 50% maximum continuous
rating (MCR), 6 tests at 75% MCR, 2 tests at
90% MCR. and 42 tests at fuil load (110 MWe).
Except for limestone sizing tests, which were
not possible with existing plant preparation
equipment, all independent process variables
proposed in the original test matrix were com-
pleted.

Property Nucla Mine | Salt | Dorchester | GOB Gilsonite
Creek
Heating Value
< kg 1740010 124,312 21,010 19,685 34,573
50
+ Bujip 149010 110460 9.040 8.470 14,875
11.840
Sulfur, % 052275 0.44 153 0.46 0.4
Ash % 984238 146 223 260 13.76
Mersture, % 41-149 10.0 1057 123 036
Fixed Carbon. % 435 434 358 na 16.5
Valaties, % 84 373 304 na 6938

Table 1. Properties of Fuels Bumned.

Test resuits and information coliected to satisfy
the project’s objectives have been documented
in a series of test reports issued by CUEA as
part of the DOE Cooperative Agreement. These
reports include a Fipal Report summarizing
results over the duration of the test program,
three Anpual Technical Reports covering the
period from unit start-up through 1988, 1989,
and 1990 through test completion, a Detailed
Public Design Report, an Economic Evaluation
Report, a Performance Test Summary Report
containing the data sumimmaries from each of the
72 steady-state performance tests, and one
Quarnterly Technical Progress Report for the
period from October 1990 through January
1991,
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Project Milestones

A summary of the major milestones and events
from the inception of the project through test
completion is shown in Table 2. During the
period from 1988 through 1991. the unit oper-
ated with an average availabiltty of 60.1%,
equivalent availability of 56.5%. capacity factor
of 40.6%, and net plant heat rate of 12.055 Btu/
NkWh. Maximum monthly availability and
capacity factors were 97.9% and 85.6%. respec-
tively. The lowest monthly on-iine net plant
heat rate was 11,102 Btu/NkWh.

Study Initiated for Upgrading and Exiending the Life of

1982 the Nucla Station.

EPRI Funds Two Design Studses for Different CFB

1983 Boilers.

Loan Approved by the National Raral Utiliues

1984 Cooperative Finance Corporation.

1984 |Summer {Selection of Pyropower for Boiler Contract.

1985 |Spring |Start of Construction.

1987 |Feb EPRI Test Team Mobilizes to $ule.

March |[Completed Boit Qut.

April Sieam Blows.

May First Steam to Turbine.

June First Coal Fires.

Sept. Overheat Incident and Outage.

Dec. Completed Repairs and Resumed Stant-Up.

1988 |March [Achieved Full Load.
July First Acceptance Test with Design Fuel,
August |Cooperative Agreement Awarded by DOE.

Oct. Completed Acceptance Testing on Design Fuel.
[989 |Jan. Completed Refractory Repars.
March Complgled Instrument Calibration and Uncertainty
Analysis.
. Completed First Performance Test as Part of the Test
April
Program.

Sept. Qutage to Upgrade Primary Air Fan.
Completed High Ash and High Sulfur Coal Gperational

OcL
Acceplance Tests.
1990 |June Completed Phase I of Test Program.
1991 pan. Completed Phase il of Test Program.

Sept. Start of Four Month Maintenance Outage.

1992 [March |Completed Test Program Reporung

Ovwmership Transfer of Nucla Station to Tri-State

Aprl Generation and Transmission Assoclation, Inc,

June Initiation of Plant Upgrades.

Table 2. Summary of Project Events and
Milestones.

The Test Plan

The overall test plan was based on the integra-
tion of several sub-test plans, each with its own
objectives, procedures. and test matrix. These
sub-test plans include: 1) initial instrument
calibration, 2) establishing uncertainty analysis
parameters, 3) collection of plant operating
statistics, 4) detailed boiler performance testing,
5 unit start-up and restart characteristics, 6)
load following response, 7) gas mixing charac-
teristics, 8) furnace heat transfer, 9) hot cyclone
performance, 10) operational performance of
solids feed and disposal sytems, 11) tubular air
heater effectiveness, 12) baghouse performance,
13) materials monitoring, 14) overall environ-
mental performance, 15) economic assessment,
and 16) alternate fuels testing.

As part of satisfying the objectives in these
areas, a total of 72 steady-state performance
tests were compieted on the local Nucla, Salt
Creek, and Dorchester coals. For each test,
uncertainty analysis was applied to the perfor-
mance calculations to establish a statistical
confidence interval on the final results. Uncer-
tainty analysis was also used to optimize instru-
ment calibration and solids sampling frequen-
cies. Acceptable uncertainties in calculated
results, such as boiler and combustion efficien-
cies, were achieved with 5 coal, 2 limestone, 2
bottom ash and 6 fly ash samples for each test.
Process data, such as temperature and pressure
measurements, are collected at high enough
frequencies with modern data acquisition sys-
tems that these measurements are not restric-
tions on uncertainty reduction in the final
results. For this unit design with this coal
variability, process stability, instrument quality,
and calibration frequency, the above solids
sampling scenario represents an optimum
whereby further increases in quantity lead o
diminsihing returns in uncertainty reductions for
calculated output variables.

In order to complete the above solids sampling
scenario, performance tests were conducted over
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a seven hour period prior to changes in indepen-
dent operating parameters. Based on transient
test data, the boiler was typically held at steady-
state conditions for a minimum of 24 hours prior
to testing. This duration was often longer if
large changes in load or boiler chemistry oc-
curred prior to a test.

Special instrumentation was installed on the
botler to measure heat transfer to the combustor
water walls, and gas mixing within one of the
two combustion chambers. In parallel with
normal piant operation, a high speed data acqui-
sition systemn was used to monitor routine start-
ups, restarts, shutdowns, and load ramping
response.

Summary of Test Results

Emissions Perf
The Nucla CFB has demonstrated the ability to
meet New Source Performance Standards for
SOz2. NOx and particulate emissions across the
load range. For SO2 emissions conwrol, a higher
limestone feed rate (Ca/S ratio) was required for
combustor operating temperatures above 880°C
{1620°F) to maintain a given sulfur retention.
Figure 4 shows sulfur retention as a function of
the Ca/S ratio for average bed temperatures less
than 880°C (1620°F). Ca/S rados are based on
the calcium in the sorbent oniy and does not
account for any calcium in the coal. Data in the
figure are for the local Nucla and Salt Creek
coals only. The calculated uncertainty band
widths are shown along with the data points. In
this figure, Ca/S ratios of 1.5 and approximately
4.0 are required to achieve 70 and 95 percent
suifur retentions, respectively.

Above 880°C (1620°F) operating temperatures,
Ca/S ratios increase in order to maintain a given
sulfur retendon. Figure 5 shows the effect of
the average bed temperature on the Ca/S ratio
required for 70 to 75 percent sulfur retention.
For an operating temperature of approximately
925°C (1700 °F), a Ca/S ratio of approximately
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Figure 4. Effect of Ca/S Ratio on Sulfur Reten-
tion: Bed Temp. < 880°C or 1620°F (Ref.2).
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Figure 5. Effect of Temperature on Calcium
Requirements (Reference 2).

5.5 is required.

There is no discernabie difference in sulfur
capture performance between the local Nucla
and Salt Creek coals. The Dorchester coal, with
a higher average sulfur content of 1.5 weight
percent compared to 0.7 and 0.5 percent for the
local Nucla and Salt Creek coals, had lower Ca/
S ratio requirements for a given retention. For
tests conducted at 90 percent sulfur retention,
the local Nucla and Salt Creek coals averaged a
Ca/S ratio of 3.2, while the higher sulfur
Dorchester coal averaged a ratio of 2.2.
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Fuel and sorbent feed distribution tests indicated
that balanced coal feed rates between the front
and rear walls of each combustion chamber
yields the best sulfur capture performance. Coal
flow to only one of the walls resuits in higher
limestone requirements. Limestone feed con-
figuration tests were restricted due to mechani-
cal limitations of the feed equipment. However,
data indicate that limestone feed in close prox-
imity to coal feed results in the optimum sulfur
capture performance.

Excess air affected Ca/S requirements to the
extent that increases in this parameter reduced
operating temperatures, particularly above
915°C (1680°F). Below this temperature,
adjustments to excess air between 10 and 20
percent did not appear to influence Ca/S ratio
requirements. No effect on sulfur capture
performance could be seen from changes in the
primary to secondary air ratio from 2 to 1.
Primary air is defined here as the air flow
through the distributor plate. Al other air flow
is categorized as secondary air.

NOx emissions were less than 145 mg/nJ (0.34
Ib/MMBtu) for all tests completed in the Phase I
and II programs. The average amount for ail
tests was 77.5 mg/nJ (0.18 Ib/MMBtu), which is
well below the state regulated limit of 215 mg/
nJ (0.5 I1b/MMBtu). As with SO», the most
influential factor affecting NOx emissions was
the combustor operating temperature, as shown
in Figure 6 for the local Nucla and Salit Creek
coals. Some of the scatter in these data is
attributed to the limestone feed rate. By tagging
data points in Figure 6 with the Ca/N ratio for
the test, where Ca is the calcium in the lime-
stone and N is the nitrogen in the fuel, it was
found that points with Ca/N ratios between 3.7
and 4.5 fell consistently above the correlation.
Points with ratios between 0 and 1.0 fell below
the correlation. This effect was also observed in
reat-time as NOx emissions fluctuated with
changes in the limestone feed rate at a given
load.

NOx emission trends were similar for the local
Nucla, Salt Creek, and Dorchester coals except
for slight shifts in absolute amounts as related to
the limestone feed rate. Correlations between
absolute NOx emissions and excess air. lime-
stone feed configuration, primary to secondary
air ratio, and CO concentrations were not appar-
ent. NOx emissions were slightly higher for
tests conducted with coal feed to the front walls
of the combustor only.

CO emissions also correlated well with bed
temperature, as shown in Figure 7 for each of
the three coals discussed above. Emissions
increased with decreasing temperatures from as
low as 70 ppmv at 925°C (1700°F) to 140 ppmv
at 790 °C (1450°F). Some of the data scatter is
due to different coal and sorbent feed configura-
tions, excess air ratios, and coal types, although
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no direct correlanions berween CO emissions
and these parameters were apparent.

Particulate emissions were @ major concern
during the design stage ot the Nucla plant
because of the size and shupe of CFB fly ash.
However, using a shake/detlate design with
teflon-coated, fiberglass bags and an air-to-cloth
ratio of 0.1 m3/s/m< (2.0 acfrm/f1?), collection
effficiencies of 99.96 percent were obtained.
The average emission rate during compliance
tests was 3.1 mg/nJ (0.0072 Ib/MMBtu), which
1s below the NSPS value of 12.9 mg/nJ (0.03 1b/
MMBtu). Fuil ioad flange-to-flange pressure
drop averaged between 0.013 - 0.017 kg/m? (5.0
- 6.5 in.wg.).

The important influence of combustor operating
temperature on 507, NOx. and CO emissions is
apparent from the above data. At Nucla, operat-
ing termperatures varied with unit load from
approximately 790°C (1450°F) at half-load to as
high as 925°C {1700°F) at rull-load. Adjust-
ments to primary-to-secondary air ratio and ash
cooler classifying velocities did not produce
significant changes in operating temperatures at
a given load. Temperatures were found to vary
with solids loading in the freeboard region of
the boiler which. for the most part, was uncon-
trollable and varied with the ash content of the
input coal strearn. From an emissions stand-
point, relatively constant operating temperatures
should be maintained across the load range to
maximize performance and minimize operating
costs, i.¢., limestone consumpton and ash
disposal. However, with the low sulfur coals
tested, the costs associated with the higher
limestone feed rates were not appreciable.

Combustion and Boiler Efficiency

For all performance tests. combustion efficiency
ranged between 96.9 to 98.9 percent. No sig-
nificant difference between Salt Creek. the local
Nucla, and Dorchester coals was apparent and
no single process parameter {e.g., boiler load,
bed termperature. excess air., primary 1o second-
ary air ratio, coal feed contiguration, eic.)

appeared to have a direct impact on the results.
Carbon 1n the fly ash and bottom ash accounted
for an average of 93 and 5 percent. respectiveiy.
of the unburmed carbon leaving the boiler. The
remaining 2 percent exits the boiler in the tlue
gas as carbon monoxide.

Boiler efficiencies varied between 85.0 to 88.6
percent for Phase I and 11 tests. Table 3 summa-
rizes the major contributions to boiler heat ioss
from the Salt Creek coal tests. Dry flue gas
sensible heat and burning hydrogen are the
fargest contributors to the total heat loss. The
former can be reduced by decreasing the excess
air of the combustion process. The local Nucla
coal resulted in the highest efficiencies due to
the lowest losses from moisture in the fuel.
Dorchester coal produced the iowest efficiencies
due to a higher moisture content in the tuel and
a larger sorbent calcination loss. The latter is the
result of a higher sulfur content in the
Dorchester coal. The net plant heat rate 1m-
proved with boiler load increasing from 13.070
kJ/NkWh (12,400 Btu/NkWh) at 50% MCR to
12,225 kJ/NkWh (11.600 Btu/NkWh) at full-
load.

DESCRIPTION AYG | MIN | MAX [RANGE

+ Unburned Carbon 1.9 1] KB | 2

* Sensible Heat in Dry Flue Gas 47 4.0 54 1.4
+ Fuel and Sorbent Moisture 1.0 07 1.1 03
+ Latent Heat in Bumning H2 14 12 36 0.4
» Serbent Cakination 03 0.0 06 0.6
+ Radiation and Convecuon 0.6 0.4 0.8 c4
+ Bottom Ash Cooling Water 0.6 0.4 1.2 0.8
+ Miscellaneous G2 .1 0.3 0.1
+ TOTALS 12.6 114 135 21

Table 3. Summary of "Losses” Terms for Boiler
Efficiency (Reference 2).

Transient Characteristi

Steam conditions, unit load. and coal and gas
flow rates were presented for a cold start-up in
Reference 1 and are shown in Figures 8. 9, and
10. In this example, the time required from
initial light-off to turbine roil was 7 hours.
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Start-Up (Reference 2).
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Figure 10. Underbed Air Flow and Bed Tem-
peratures During a Cold Start-Up (Ref. 2).

turbine roll (heat soak) was approximately 5
hours, synchronization and load stabilization at
5 gross MWe was 2 hours, and the time required
to reach 45 gross MWe was 3 hours, The
numbered sequence on these figures is as fol-
lows:

1. Start fans and duct start-up burners (foilowing
5 minute purge).

2. Start in-bed start-up burners (two of three per
combustor).

3. Turbine roll once 55°C (100°F) superheat
temperatures are reached.

4. Synchronize generator and raise load to 5
MWe on gas. Start third start-up burner in
each combustor.

5. Increase gas firing rate to raise bed tempera-
tures to 510°C (950°F) required for initiation
of coal feed. Load increases to 20-25 MWe.

6. Initiate coal flow and increase load.

7. Shut-off start-up burners once bed tempera-
tures have reached 760°C (1400°F).

8. Increase load to 45 MWe on the new 74 MWe
turbine and begin bringing the three old 12.5
MWe turbines on-line.

Under optimum conditions, the unit can achieve
full-load from a cold condition in 10 to 12
hours. The first five hours are required to
achieve 55°C (100°F) superheat temperatures at
approximately 4.16 MPa (600 psig) prior to
turbine roll. Drum metal temperature limita-
tions of 55°C/h (100°F/h) are a restriction
during the first two hours of gas firing, but
decrease to less than 42°C/h (75°F/h) for the
remainder of the start-up. Refractory tempera-
ture increases generally do no exceed 33°C/h
(60°F/h), which is well under the 55°C/h limita-
tion suggested by the manufacturer. Between 2
and 5 hours from initial start-up, the gas firing
rate is established to minimize drum level
fluctuations and to stay conservatively within
drum and refractory ramp limitations. This is
followed by a 3 hour turbine soak interval, a 1
hour period at minimum load on gas at 5 MWe
to stabilize, and finaily, the initiation of coal
flow and increase in unit output.

1-30
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Except for the time required to bring each of the
three older 12.5 MWe turbines on-line. the
remainder of time to full-load is dictated by the
boiler/turbine ramp rate. The latter was tested
successfully at 5 MWe/min over a +40 MWe
range. Testing at 7 MWe/min identified drum
level control as a limitation. It may be possible
10 improve performance at this rate by adjusting
the calculated steam flow rate used in three-
element drum level control.

Warm restarts (off-line for less than 12 hours)
generally require 2 to 4 hours to achieve a stable
operating load of 45 MWe. This interval is
dictated by the time required to reestablish
superheat temperatures and/or minimum bed
temperatures of 510°C (950°F) necessary for the
initiation of coal feed. The time to reestablish
superheat temperatures 1s determined by how
quickly the turbines are brought off-line follow-
ing a controlled shutdown or unit trip. The time
to reestablish minimum bed temperatures is
controlled by the time required to remove fans
from service during a shutdown or unit trip, and
the time required to restart fans and complete a
unit purge during a restart. Hot restarts (unit
off-line for less than four hours) typically follow
the same scenario although, in some cases, the
turbine can remain on-line and gas and/or coal
feed can be reestablished immediately.

During controlled tests, the Nucla CFB achieved
a maximum gross load of 117 MWe and a
minimum load of 30 MWe for a turndown ratio
of approximately 4:1. Maximum load was
limited by loss of net positive suction (NPSH) to
the boiler feed pumps, and minimum load was
restricted by low bed temperature limitatons of
700°C (1300°F).

Conclusions

The demonstration test program on the Nucla
CFB commenced in 1987 and was completed
over a three year period during which time a
total of 72 steady-state performance tests were

conducted. Data from these tests demonstrate
the ability of the unit to reliably and economi-
cally meet New Source Performance Standards
for emissions control across the load range.
Combustor and boiler efficiencies have been
found to meet or exceed expectations for a
variety of different fuels including blends of low
quality bituminous gob. The owners have taken
advantage of the boiler’s fuel flexibility by
periodically switching to least cost fuel supplies.
The unit has fit well into the regional electrical
power systemn by meeting cycling demands
including cold start-up and hot/warm restart
times, load ramping rates, and unit turndown
ratios.

As a large scale demonstration of a new technol-
ogy, the unit encountered various problems
which influenced the overall availability of the
plant during the first five years of operation.
These problems have been documented in the
technical reports and journal articles published
over the past several years. Under the new
ownership, unit availabilities in excess of 80
percent will be required in order to meet
contractural requirements. In order to achieve
this, Tri-State Generation and Transmission
Association, In¢. has embarked on an effort to
upgrade several areas of the unit design. These
include modifications to the boiler water walls,
secondary superheaters, combustor and cyclone
refractory installations, and air distributor
nozzle design. The experiences at Nucla, along
with its successors, will form the basis for these
design changes.

Performance testing as part of the Demonstra-
tion Program was concluded in January 1991
and all data analysis and reporting were com-
pleted in April 1992. The various reports
document the unit design, operating history,
acceptance test results, equipment performance
and reliability, monthly operational statistics,
steady-state performance test results, and envi-
ronmental and economic performance over the
course of the test program. This is a valuable
resource for utilities, industrial users, and
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independent power producers planning new
capacity and considering CFB technology as an
option. The database and information generated
and documented by EPRI and the DOE during
the course of the Phase I and II test programs is
the most comprehensive and available resource
of its kind in the CFB technology area.
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STATUS OF THE PINON PINE
IGCC PROJECT

John W. Motter
Sierra Pacific Power Company
6100 Neil Road
Reno, Nevada USA 89520

ABSTRACT

Sierra Pacific Power Company (SPPCo.) plans to build an integrated coal
gasification combined cycle (IGCC) power plant, burning 800 tons per day of
western coal to produce 80 megawatts of electrical power at a high capacity factor.
The project was selected by the U.S. Department of Energy (DOE) for funding under
the fourth round of the Clean Coal Technology Program and will be constructed at
SPPCo.’s existing Tracy power plant site which is located approximately 20 miles
east of Reno, Nevada. The project is named the Pifion Pine Power Project; a DOE-
SPPCo. Cooperative Agreement for the project was completed in July, 1992 and will
provide for approximately $135 million of funding from the government--50% of the
expected total project costs for construction and 42 months of O&M plus fuel.

Foster Wheeler USA (FWUSA), as prime sub-contractor to SPPCo., will provide
engineering, procurement, and construction management for the new facility. The
M. W, Kellogg Company will design the gasifier island using their air-blown
Kellogg-Rust-Westinghouse (KRW) technology incorporating hot gas cleanup under
a subcontract with FWUSA, This paper summarizes the project, and describes
SPPCo.’s perspectives on participation in a DOE Clean Coal Technology
demonstration project. A key conclusion for SPPCo. was that a project such as
Pifion can provide a viable and acceptable balance considering costs; environmental
performance, and environmental engineering leadership; technical risks and other
factors. The strength and commitment of our commercial partners, and fuel
flexibility of the proposed configuration were key aspects of an overall risk
mitigation strategy.
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INTRODUCTION

Public Law 101-121 provided $600 million to conduct a fourth round of federally
cost-shared Clean Coal Technology (CCT) projects to demonstrate technologies
capable of replacing, retrofitting or repowering existing facilities. Following three
previous solicitations in 1986, 1988, and 1989, DOE issued a Program Opportunity
Notice (PON) for CCT-IV in January 1991, soliciting proposals to demonstrate
innovative, clean, and energy efficient technologies capable of being commercialized
in the 1990°s. These technologies were to be capable of (1) achieving significant
reduction in the emissions of sulfur dioxide and/or nitrogen oxides from existing
facilities and/or (2) providing for future energy needs in an environmentally

acceptable manner.

Sierra Pacific Power Company (SPPCo.) submitted a proposal in May 1991 in
response to the CCT-IV PON requesting 50% co-funding of the Pifion Pine Power
Project. SPPCo.'s proposal was for the design, engineering, construction, and
operation of a nominal 800 ton-per-day (86 MWe gross), air-blown integrated
gasification combined cycle (IGCC) project to be constructed at SPPCo.’s existing
Tracy Station, a 244 MW, gas/oil-fired power generation facility located on a rural
400-acre plot about 20 miles east of Reno (see Figure 1). SPPCo. will own and
operate the demonstration plant, which will provide power to the electric grid to

Pt
PR .

meet its custormner needs.

Project
* Site

Navada

Calilornia

To
Carsen City

Figure 1. Location of Proposed Pifion Pine Power Project.
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Of the 33 proposals submitted to DOE under CCT-1V, 9 proposals, including Pifion
were selected for award. Following several months of negotiations, and
Congressional Review of the proposed project, a Cooperative Agreement was
executed, The project, including the demonstration phase, is scheduled to take 96
months at a total cost of $269,993,100. SPPCo. and DOE will share equally in
project costs, in the amount of $134,996,550 each. Of this approximately $135
million, SPPCo. is projecting a capital cost of roughly $92 million, with the
remaining $43 million being used for fuel and operations & maintenance expenses
during the demonstration phase.

SPPCo will contract with Foster Wheeler USA Corporation (FWUSA) for the
engineering, procurement and construction of the project. FWUSA in turn will
subcontract with The M.W. Kellogg Company for engineering and other services
related to the gasifier island. Figure 2 depicts the project organization.

SPPCeo
FWUSA SPPC
EXECUTIVE [~~~ PROJECT [—— " OQE
SPONSOR MANAGER
1
. 1
KELLOGG FWUSA REPCATING
EXECUTIVE pROJECY | ADVICE
SPONSOR MANAGER CONSULTATION
M.W. KELLOGG FWUSA FW CONSTRUCTORS
PROJECT MANAGER (POWER ISLAND & INC.
{GASIFICATION SUPPORT FACIUTIES {CONSTRUCTION
ISLAND) ENGINEERS) MANAGERS)

Figure 2. Project Organization Chart.
PROJECT OBJECTIVES AND SCHEDULE

SPPCo.’s objective in the Pinon Pine Power Project is to use advanced technologies
to produce a clean and low-cost power supply to meet our growing customer needs.
Additional goals of the project are to demonstrate air-blown, pressurized fluidized-
bed IGCC technology incorporating hot gas cleanup; to evaluate a low-Btu gas
combustion turbine; and to assess long-term reliability, maintainability, and
environmental performance at a scale sufficient to demonstrate further commercial
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potential. The plant will also provide economic benefits to the state and local
community through empbyment and increase in the tax base. The project is
expected to employ a construction workforce of 300-350 during peak construction
years of 1994-1996. Once complete, the plant will provide about 25 new permanent
jobs.

Federal funding of the project automatically invokes environmental review under
the National Environmental Policy Act (NEPA). This project will require an
Environmental Impact Statement, or EIS, with DOE as the lead agency for the
NEPA reviews. The project must also be approved by the Nevada Public Service
Commission (PSCN) in the state’s Resource Planning process. To date, milestones
that have been met include publication of the Notice of Intent in June, Public
Scoping Meetings in July of 1992, and the submission of SPPCo.’s Resource Plan to
the PSCN, with the project included as part of the Recommended Resource Plan. A
PSCN decision on the project is expected in November, 1992, SPFCo. has also
completed an Environmental Information Volume for the project, and expects a
favorable Record of Decision by late 1993.

As shown in the project schedule below, SPPCo. expects to have the combustion
turbine portion of the plant on line by late 1994, configured as a simple-cycle
natural gas machine with either #2 diesel or propane being utilized as backup fuel.
The gasifier, heat recovery steam generator (HRSQ), and the balance of the IGCC
plant will be commissioned in late 1996. By phasing construction in this manner,
SPPCo. gains approximately 45 MWe of peaking power capacity to match
projections of customer loads. A DOE demonstration period of 42 months is
planned.

PIRON PINE POWER PROJECT

-»
h 4

97 Mo.
PHASE | I

36 Mo.
PHASE Il

o
v

A 2

40 Mo.
PHASE Il

42 Mo.

A
A J

12 324 5 6
LAY \Y \Y
YEAR, | | I i I 1

0 1 2 3 4 5 1 T 8 9
MILESTONES

Project StartDOE Signs Agreement [8/92)

Resource Plan Approval (11/92)

Dehnitive Estmale/NEPA Complete {9/93}

UEPA Comgplete {12:93)
Construcion'Commussioning/Start-Lp Complele [3:97)

Teshng Come\ele 3/00)

Figure 3. Project Schedule.
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SUMMARY OF TECHNOLOGY

QOverview

The Pifion Pine IGCC is similar to, and improves upon, first generation IGCC
technology in several aspects. The Pinon Pine Project integrates a number of
technologies fostered by the DOE. Among these are the KRW Energy Systems
fluidized bed gasifier, with in-bed desulfurization, using limestone sorbent, and zinc
ferrite (or zinc titanate) sulfur removal from a hot fuel gas stream. SPPCo. believes
the project’s pressurized, air-blown fluidized-bed gasification technology with hot-
gas cleanup may provide an attractive alternative for new electric generating plants
for several reasons:
* Air-blown gasification offers several potential advantages over
commercially available oxygen-blown systems:
- lower capital cost by eliminating the need for an oxygen plant
- higher plant efficiency and lower capital costs by eliminating oxygen
plant power consumption; and
- inherent control of nitrogen oxide emissions (NOx) which may
eliminate the need for a two-stage combustor or selective catalytic
reduction (SCR)

* Hot gas cleanup is an attractive alternative to “cold” or “wet” chemical
cleanup and offers several potential advantages.
- hot gas sorbents can operate dry, thus eliminating the need for
wastewater treatment; and
- the dry cleanup process are generally more familiar to the utility
industry than wet chemical systems.
* Components of the simplified IGCC are modular and fewer, thus providing
better economy at small plant sizes.

The demonstration of the advanced IGCC technology will include actual integration
of the gasifier with a combined cycle power plant. This step is necessary in order to
evaluate the adequacy of integrated control concepts and measure actual
performance of a complete power generation system on a utility grid. The modular
concept of the proposed technology will provide information directly applicable to
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other commercial plants, since such plants will essentially incorporate one or more
replicates of the demonstration project plant configuration.

D iption

Raw coal will be received at the plant in weekly unit trains consisting of 100-ton
automated bottom dumping railcars. Once unloaded, coal will be stored and
transported within enclosures to minimize dust emissions. The coal is received and
stored as 2" x 0 and is then transferred to a preparation area where it is crushed,
dried, sized and passed to a day-bin for feeding the gasifier island. Sized limestone
and dried coke breeze (for startup) are received by covered truck and are also stored
in silos close to the gasifier island.

The two major components of the plant are the gasification island and the power
island. Figure 4 is a block diagram of the processes to be employed in the Pifion
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In the gasification island, crushed and sized coal and limestone are metered
through lockhoppers and fed pneumatically through a central feed tube in the
bottom of the gasifier. The temperature of the bed is controlled by metering the air
and steam into the gasifier’s central jet. The coal/limestone bed is maintained in a
fluidized state in the gasifier via gas recirculation. Partial combustion of char
(devolatilized coal) and gas occurs within the bed to provide the heat necessary for
the endothermic reactions of devolatilization, gasification, calcination, and
desulfurization. Ash and spent limestone are removed from the bottom of the bed.

The coal gas leaving the gasifier passes through a cyclone to remove the majority of
the particulate matter that is returned to the fluidized bed. The gas leaving the
gasifier is cooled to about 1050° F. before entering the hot gas cleanup section.
Ceramic candle filters remove essentially all the remaining particulate material
prior to the clean gas entering the sulfur sorbent bed. In the desulfurizing reactors,
nearly all the remaining sulfur compounds are removed in a fixed bed of zinc ferrite
sorbent. Zinc titanate is currently being tested in cooperation with DOE-METC and
The M. W. Kellogg Company, and may be used in place of the zinc ferrite. The zinc
ferrite (or titanate) is subsequently repenerated with steam and air. This process
sends the regenerator gas stream to the sulfator where the sulfur oxides react with
lime and air to form calcium sulfate, which exits the system along with the coal ash
in a form suitable for landfill, or potentially to be used as a commercial byproduct.

In the power island, the clean coal gas will be delivered to a Westinghouse CW251
B12 combustion turbine, which is coupled to an electric generator designed to
produce approximately 56 MWe (gross), Special turbine first stage blades will
accommodate the extra mass flow produced by the low-Btu gas (as low as 80-95 Btu
per standard cubic foot). The heat recovery steam generator (HRSG) receives high
pressure steam from the gasifier island slightly above saturation, and uses the
exhaust gas from the combustion turbine to superheat the steam as well as to
generate additional high pressure steam. The steam is heated to 900° F. and 900
psig for expansion in a non-reheat steam turbine to produce approximately 30 MWe
(gross). High pressure boiler feed water is circulated to the sulfator and the
gasifier’s product gas cooler. Steam at 400 psia is used in the gasifier island for the
gasification reactions, gas quenching, and sorbent regeneration and is generated in

the HRSG and/or by extraction from the steam turbine. Steam is also produced at

50 psia for various auxiliary plant purposes.
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UTILITY CONSIDERATIONS IN CCT DEMONSTRATIONS

A number of factors persuaded Sierra Pacific Power Company to participate in this
clean coal technology demonstration project. The effect of the combination of these
factors was compelling, leading to SPPCo.’s participation in the CCT program with
the Pifion project.

Need for the power

SPPCo. has experienced strong load growth in recent years. Over the past ten
years, system sales have grown at an annual rate of 5%. Load growth hetween 1992
and 1997, even considering an aggressive program of demand-side measures, is
forecast to increase at an average rate of 4%, which will result in a need for 227
MWe of new capacity by the year 2000. Thus the capacity associated with Pifion is
needed; however if capacity alone were the driving force, SPPCo. would be more
likely be considering only resources such as combustion turbines, with a
substantially lower cost per MWe of installed capacity.

roj - Relationshi “L " rce Plannin
SPPCo. has conducted internal “Resource Planning” for decades to assess and best
meet its customers needs for electrical power. In 1983 the Nevada Legislature
added Resource Planning requirements to Nevada Statutes. The administrative
regulations implementing that decision, called Nevada General Order 43 (or simply
“G.0. 43”) presented a comprehensive set of guidelines for conducting Resource
Planning. These were adopted in early 1984, and have been revised several times
since. The intent of G.0O. 43 was (and still is) to ensure that load forecasts were as
accurate as possible, that all appropriate demand-side and supply side options were
considered, and that the preferred plan recommended by Nevada utilities for
meeting their customer loads was developed and implemented in a “least-cost”
manner. A “least-cost” plan was one that minimized the present value of revenue
requirements, although the utility may also consider other factors such as
reliability, financial constraints, fuel mix, environmental factors, ete. (As discussed
in more detail below, Resource Planning regulations were subsequently modified to
quantify the consideration of environmental and economic impacts of specific plans.)

In preparing SPPCo.’s mandatory 3-year Electric Resource Plan submittal which
the Company filed on July 1, 1992, Pifion was modeled as one of the possible
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generation options. A key finding was that under a relatively broad range of
economic assumptions, Pifion, in part due to the DOE support of this
demonstration, was selected as part of the “least cost” plan {or meeting future
customer needs. Consequently, SPPCo. included Pifion as an integral part of it’s
latest Resource Plan, and requested approval from the Public Service Commission
of Nevada. The Company expects a favorable decision on the project in November of
this year, when the Commission issues it’s “Opinion and Order” on the Resource
Plan submittal. (In addition to Pifion, the Company has also recommended a
simple-cycle combustion turbine and significant additional demand-side programs
to be added within the next three year period.)

Environmental Factorg

SPPCo. and its management place a high level of importance on protecting and/or
improving the environment. The Company recently strengthened that commitment
through the adoption of the “Company’s Statement on Commitment to the
Environment”, approved by our Board of Directors. This document contains policy
and action elements directing the company to make decisions that seek to integrate
engineering, economics, and the environment in all of its decision processes. A
major directive from the Company’s top management was that, for the Pifion project
to proceed, it not only comply with, but be a major contributor to SPPCo.’s goal to
demonstrate excellence in environmental execution of all aspects of its business.

Nevada has recently modified its Resource Planning regulations to quantify and
consider the value of so-called “environmental externalities”--adders to the present
value of revenue requirements designed to capture all of the social or external costs
from emissions, and economic benefits from employment, taxes, etc. A detailed
discussion of these environmenta) externalities, and their incorporation in least-cost
resource planning (as required in Nevada General Order 65), is beyond the scope of
this paper, but will be presented in some detail by Jack McGinley , SPPCo.’s
Supervisor of Supply Engineering at the upcoming Pittsburgh Coal Conference,

A fundamental issue associated with the decision to propose construction of any
coal-burning powerplant, even a “clean coal technology” project is just how “clean” is
the power? Pifion will have emissions among the lowest for any coal-fired
powerplant, and will be substantially cleaner than any pulverized-coal plants. Even
with these state-of-the-art clean coal technologies embodied in all aspects of Pifion
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(including the conventional portions such as coal handling), the project will still
have minimal emissions of NOx, SOx, and particulates. Why not then build only
geothermal, solar, or even natural gas fired units? The answer comes down to
balance. Consideration of all factors, including the Company’s commitment to the
environment, but also addressing our obligation to provide reliable service at
reasonable rates, the desirability of maintaining a diverse fuel mix, our already
heavy dependence on alternative energy [by 1996, about 17% of our energy will be
from geothermal power], and the aspects of leadership in environmental
engineering were compelling in reaching the decision to proceed with this project.

Fuel nsideration

As discussed above, the KRW-IGCC technology has significant fuel flexibility, The
Pifion project will be designed to be capable of operation on at least three fuels,
including coal, natural gas, and either #2 distillate oil or propane. Other fuels may
be considered as potential feedstocks later. The ability to burn a variety of fuels is
important for several reasons.

Coal is the most abundant fuel in the United States. Use of this fuel, as well as
being economically advantageous, also reduces dependence on foreign oil. Natural
gas, at least in SPPCo.’s service area suffers from deliverability constraints (SPPCo.
is currently curtailed through much of the winter for power generation
applications,) Depletion of the current natural gas “bubble” (or “sausage”,
depending on your point of view) may result in significant real price increases in
that commodity. Although coal is projected to be a least-cost fuel well into the
future, forecasters have been known, although rarely, to be off the mark, Pifion will
provide a long-term ability to use the most economic fuel, as well as to provide an
alternate fuel in the event of disruptions such as a strike which could interrupt coal
deliveries, or during periods when the gasifier island requires maintenance or
service,

1 111 I
Any technology has a certain intrinsic level of associated technical risk. The Pifion
project is no exception. Utilities by nature generally tend to be risk averse.
Cofunding of CCT programs by the DOE is one important way of mitigating
financial risk. As SPPCo.’s President and CEQ, Mr. William L. Keepers has stated:
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“As members of a regulated and highly competitive industry, electric
utilities have a very limited ability to finance the development and
demonstration of new technology. New generating technologies’
demonstrations require significant first time costs. Given these
circumstances, it is appropriate that the Clean Coal Technology
Program provides a means for the U.S. consumer to share in the
development, demonstration and benefits of this new technology. Our
view of the potential for this technology and its highly probable success
makes us confident that it will benefit our customers in California and
Nevada for many years into the future.”

In addition to financial cost-sharing to the project by the DOE--other factors exist
which tend to mitigate the not-insignificant challenges and risks associated with a
major demonstration such as Pifion. These include: (1) fully conventional, proven
technology that constitutes much of the plant, (2) an ability to utilize any one of
several different fuels, and (3) the technical strength and expertise of SPPCo.’s
industrial associates in the project.

Much of the plant will be fully conventional, and is expected to have negligible to
very low technical risk. Apart from the gasification system, the plant will be a
conventional, fully functional combined cycle power plant capable of operation on
natural gas and either distillate ¢il or propane. For these areas of the plant, full
scale plant data is available, the operational aspects are well defined, and no
significant design assumptions are required. The major portions of the plant that
fit this low risk category are the coal receipt, coal preparation, and the entire gas/oil
fired conventional combined cycle portions of the plant, including the combustion
turbogenerator, HRSG, steam turbogenerator, condensor and heat rejection system,
as well as plant auxiliaries.

The “demonstration” portions of the plant are more developmental in nature and
involve scaleup from pilot plant quality data, design assumptions based on limited
data, or significantly different application of a technology. Experience with the
KRW technology dates back to 1972 when the government first funded design of a
process development plant at Westinghouse Electric Corporation’s Waltz Mill
facility near Madison, PA. This pilot unit demonstrated successful operation of the
air-blown fluidized bed gasification process on a wide variety of coals, and included
testing of in-bed desulfurization, and operation with ceramic candle filters and
external hot gas desulfurization. The four areas of the gasification system and hot
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gas cleanup systems having a moderate level of technical risk are: (1) gasifier and
in-bed desulfurization, (2) gas conditioning, filtration and external desulfurization,
(3) low Btu gas combustor and controls, and (4) fluidized bed sulfator.

Finally, the technical strength, experience and commitment of both Foster Wheeler
USA and The M. W. Kellogg Company as industrial allies in this project were
significant factors in decreasing SPPCo.’s risk associated with the construction of a
project such as Pifion. Westinghouse, the supplier of the combustion turbine for this
project has extensive experience with coal based IGCC including very low Btu
content fuel gas, and, as noted above, has been associated with the KRW technology
from its inception. The expertise and commitment of these firms will be critical
factors in making this project a success.

Also critical to the success of this project is the support of our customers and
regulators. Although the project has some risks, SPPCo. believes that they are
manageable, and more than offset by the benefits expected to accrue to our
ratepaying customers. The Company has requested approval from our regulators
for this important project, and will be requesting fair and appropriate treatment of
the expenses incurred.

SUMMARY

The Pifion Power Project is a major, 80 MWe project with the dual objectives of
providing environmentally clean, economic power to serve SPPCo.’s customers while
demonstrating an innovative clean coal technology which we believe offers
significant environmental and economic benefits over existing IGCC technologies.
The air-blown, agglomerating fluidized bed IGCC technology, coupled with hot gas
clean up using mixed metal oxide sulfur sorbents, offers the potential of lower
capital and operating costs than first-generation IGCC technologies, and is coupled
with superior environmental advantages over conventional coal technologies.
SPPCo. believes that the technical merits of the project, along with cost sharing of
this demonstration by DOE, the technical expertise and support of Foster Wheeler
USA, The M.W. Kellogg Company, and Westinghouse Corporation will make this
exciting project a success.
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GLOSSARY:

Btu

CCT
DOE
HRSG

IGCC

METC
MWe
psia:
psig:
tpd

British Thermal Unit, a measure of heat capable of raising 1 pound
of water by 1° F.

Clean Coal Technology Program (DOE)
U. 8. Department of Energy

Heat Recovery Steam Generator, a boiler extracting heat from the
exhaust gas stream from the combustion turbine

Integrated (coal) Gasification Combined Cycle, a technology for
converting coal to a fuel gas, removing particulates and sulfur
from the gas, and converting the gas to electricity in a process
employing both gas turbine (Brayton thermodynamic cycle) and
steam turbine (Rankine cycle) generators.

Morgantown Energy Technology Center, West Virginia
Megawatts, electric

Pounds per square inch, absolute pressure

Pounds per square inch, gauge pressure

Tons per day
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NOTICE

This report was prepared by Sierra Pacific Power Company pursuant to a
Cooperative Agreement partially funded by the U, S. Department of Energy, and
neither the Sierra Pacific Power Company nor any of its subcontractors nor the U.
S. Department of Energy, nor any person acting on behalf of either:

(A) Makes any warranty or representation, express or implied with respect to the
accuracy completeness, or usefulness of the information contained in this
report, or that the use of any information, apparatus, method, or process
disclosed in this report may not infringe privately-owned rights.

(B) Assumes any liabilities with respect to the use of, or for damages resulting
from the use of, any information apparatus, method or process disclosed in
this report.

Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the U. S. Department of
Energy. The views and opinions of authors expressed herein do not necessarily
state or reflect those of either the U. S, Department of Energy or the Sierra Pacific
Power Company.
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DMEC-1 Pressurized Circulating Fluidized Bed
Demonstration Project

G.E. Kruempel and S.J. Ambrose
Midwest Power
907 Walnut, P.O. Box 657
Des Moines, Iowa 50303

S.J. Provol
Pyropower Corporation
P.O. Box 85480
8925 Rehco Road
San Diego, California 92186-5480

INTRODUCTION

The Des Moines Energy Center (DMEC) project will be the first commercial scale
demonstration of Pyropower’s PYROFLOW® Pressurized Circulating Fluidized Bed (PCFB)
technology for electric utility power generation. The project will employ the PCFB

technology to repower an existing steam turbine at the DMEC site.

Technology Overview

In the PCFB process, the compressor section of a gas turbine provides pressurized air to a
pressure vessel in which a circulating fluidized bed combustor is installed. In the combustor,
fuel and sorbent are mixed with the air and combustion takes place at about 1600 F. The

heat generated is removed from the flue gas to produce steam which is used to drive an
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existing steam turbine generator. Fuel and sorbent particles are separated from the gas
stream in a hot cyclone and are returned to the combustor. Finer particles of fully reacted
sorbent and ash are removed in a ceramic barrier filter. The now cleaned gas is expanded
through the gas turbine producing mechanical power to drive the compressor and to
generate additional electrical power. Finally, the remaining useful heat is extracted from
the flue gas and used in the feedwater heating system. A simplified diagram of this process

is shown in Figure 1.
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Faed Water Recovery
e
MB2001501

Figure 1- PCFB Simplificd Process Diagram

Project Is

The goals of the project are to demonstrate the following features of PCFB technology:

° Lower Capital Cost. The PCFB is anticipated to cost about 10 percent less
on an installed plant basis than an atmospheric CFB or pulverized coal plant
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with scrubbers.

High Efficiency and Reduced CO, Emissions. The PCFB will convert an
existing power plant to a combined cycle generating station resulting in a net
heat rate improvement of approximately 15 percent.

Reduced Space Requirements. The PCFB furnace and ceramic filter will
require substantially less space than other power generation technologies, and
so are a preferred alternative for repowering applications.

Shop Fabrication. Due to reduced equipment sizes, components of the PCFB
can be shop fabricated. This will enhance equipment quality and reduce field
construction time.

Lower Mechanical Complexity. Fewer fuel and sorbent feed points will
reduce mechanical complexity and improve the opportunity for redundancy.

Hot Gas Cleanup Technology. The PCFB system will include a ceramic filter
designed to remove over 99 percent of the particulate upstream of the gas
turbine, This will provide for protection of the gas turbine from erosion as
well as compliance with particulate emission requirements without additional
particulate removal systems.

No Exposed Surfaces in the Lower Combustor. The lower section of the
PCFB combustor is refractory lined and contains no exposed heat transfer
surfaces providing a region for safe slumping of the bed during shutdown.

Control of NO, and Furnace Temperature. Air is fed to the combustor as
primary and secondary air. This splitting of air helps reduce formation of
NO, and provides a means of controlling furnace temperature.

Control of SO, and CO. The PCEFB is designed to meet New Source
Performance Standards for emissions of all regulated pollutants including SO,,
NO,, CO and particulate, without the need for backend emissions control
devices such as scrubbers.

Simplified Load Following. Load following in the PCFB is accomplished by
varying fuel feed rate and primary/secondary air ratio in the combustor. It
is not necessary to vary solids inventory for this purpose as is required in
bubbling pressurized bed designs.

Erosion Prevention. The PCFB will utilize Double Omega Surface for
superheating steam in the combustion chamber. This design greatly reduces
the potential for erosion of these surfaces.
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o Capacity Edition. The PCFB used in a repowering application provides the
opportunity to increase plant capacity at an existing site by 20 to 30 percent.

Project Organization

The DMEC-1 limited partnership with Dairyland Power as the limited partner and Midwest
Power, formerly Iowa Power, as the general partner will be the participant for the project.
The project was selected in the Clean Coal Technology Round 3 solicitation. The
partnership has signed the Cooperative Agreement with the DOE. In addition to the

participant, the project team consists of Pyropower and Black & Veatch.

Pyropower Corporation of San Diego, Ca. will provide the PCFB equipment. In addition
they will provide component testing and support during startup and the demonstration.
Black & Veatch of Kansas City, Mo. will provide engineering and design services for the

balance of plant and construction management services.

The Des Moines Energy Center is located southeast of the city of Des Moines, Iowa in the
city of Pleasant Hill, Iowa. DMEC is located adjacent to this Des Moines river and highway
46. The site occupies approximately 50 acres with an additional 100 acres east of highway
46 used for ash disposal. An existing substation east of the plant buildings provides a

connection to the Midwest Power electrical system.
The repowering in this project involves the restoration of a steam supply system to the

existing steam turbine generator known as Unit 6. The unit will be renamed DMEC Unit
1.

Project Cost and Schedule

The project is divided into three phases and four budget periods as follows:
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o Phase 1: Design

0 Budget Period 1 - Preliminary design 8/91 to 6/93
0 Budget Period 2 - Detailed design 7/93 to 6/94

° Phase 2: Construction

o Budget Period 3 - Construction 7/94 to 5/96
o Phase 3: Operation

o Budget Period 4 - Operation 6/96 to 6/98

The estimated project cost including the demonstration phase is as follows:

DOE Share $ 93,253,000
Participant Share  $109,706,000

Total $202,959,000

The participant share includes contributions by Midwest Power, Pyropower and Black and
Veatch and in-kind contributions by Midwest Power, Dairyland Power, and Pyropower, The
total cost includes engineering, fabrication, construction, and allowances for escalation. Also

included are operations and testing costs for the operating phase.

Following the operating phase, the plant will continue operation as a part of Midwest
Power’s generation resources.

TECHNOLOGY DESCRIPTION

The DMEC-1 project will employ the Pyropower PYROFLOW PCFB process. Brief
descriptions of the process systems follows.
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Coal Feed System

The coal feed system is comprised of two systems designed to be 100 percent redundant
when operated on western coal. Each system includes a gravimetric feeder at the bottom
of a coal silo. The feeders feed coal to a two-stage coal/water paste preparation system.
Each secondary mixer feeds two paste pumps. The paste pumps pressurize the mixture to
force the paste through the feed lines to the PCFB combustor. The paste pumps are piston-

type pumps used in applications such as concrete pumping.
As the paste enters the combustor, atomization will be used to evenly distribute the fuel in
the lower combustor. Because of the enhanced mixing that occurs in the circulating

fluidized bed system, a total of only four fuel feed points is anticipated.

Sorbent Feed System

The sorbent feed system will deliver properly sized limestone or dolomite to the PCFB
combustor for control of SO, emissions. Crushed sorbent will be blown into storage silos
and fed by gravity to lock hoppers. It is expected that the majority of the sorbent will be
fed to the combustor by mixing with the coal/water slurry. Some sorbent will be fed
through a pressurized lock hopper system to trim the process when SO, emission variations
occur due to variations in fuel sulfur content, sorbent quality, or process upsets. A separate

sand lock hopper will be provided to load a charge of bed inventory into the combustor.

PCFB Hot 1.oo

The hot loop, the heart of the PCFB process, is comprised of the combustor, the hot

cyclones, the loop seal returns, and the water and steam cooled heat transfer surfaces.

Pressurized coal and sorbent are fed into the lower PCFB combustor at about 200 psig. The
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combustor uses membrane wall construction. Natural circulation from the drum through
downcomers cools the waterwalls. The lower section of the combustor is lined with
refractory to protect it from erosion during operation and to provide a region for safe

slumping of the bed during shutdown.

Primary air, which comprises about 60 percent of the total air, is fed to the combustor
through the startup burners and grid. This air fluidizes and mixes the fuel and sorbent. The
remaining 40 percent of the air, secondary air, is injected at points higher in the combustor,

Use of split air streams provides the following:

o Combustor temperature control

. Minimal NO, formation

o Improved solids mixing and circulation

L Air for fines combustion in the upper part of the combustor
. Improved load following capability

As the fuel is burned and the sorbent reacts with SO,, the smaller solid particles are
entrained with the upward flow of combustor gases. The hot gas and solids enter the hot
cyclones where 90 percent of the entrained particles are collected and recirculated to the
combustor through the loop seals. Pressurized air from a booster compressor is injected in
the loop seals to refluidize the collected solids and return them to the combustor. The
residence time obtained from this collection and recirculation promotes improved

combustion efficiency and SO, removal.

Saturated steam generated in the water cooled membrane walls is superheated in the
Double Omega platen surfaces located in the middle and upper sections of the combustor.
The Double Omega tube design minimizes erosion of these heat transfer surfaces and has

been successfully used in atmospheric Pyropower boilers.

Pressure Containment

The pressure vessel which encloses the PCFB hot loop is a conventional pressure vessel.
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The combustor and hot cyclones are suspended from the top of the vessel. Platforms and

ladders necessary for access to these components are mounted inside.

Ceramic Filter

Flue gas from the hot cyclones proceeds to the ceramic filter where the remaining fly ash
and reacted sorbent are collected. By using this hot gas cleanup technology, no further
particulate removal is required to meet the requirements for the gas turbine protection. In
addition atmospheric particulate emission limits are met. Cleaning of the ceramic elements
is accomplished by injection of reverse pulses of pressurized air causing a mild shock wave

sufficient to release the collected dust .

H h Depr rization and lin m

Hot ash is removed at two locations, from the hot loop and from the ceramic filter.
Removal is accomplished by use of water cooled pressurized screw conveyors and lock

hoppers. Both systems will be designed for 100 percent redundancy.

Heat Recovery Economizer

The heat recovery economizer is designed to remove the remaining useful heat from the gas
turbine exhaust gases. The flue gas at the turbine exhaust are atmospheric pressure and at
approximately 800 F. The economizer is a conventional smooth tube and finned-tube

design.
Gas Turbine
The compressor section of the gas turbine provides pressurized combustion air to the PCFB

combustor. The hot flue gases from the ceramic filter are expanded through the turbine

section of the gas turbine to produce mechanical energy to drive the compressor and an
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attached electrical generator. It is expected that the most significant modification to a
conventional gas turbine for this application will be to allow the use of the external PCFB

combustor.

High temperature valves are provided upstream of the gas turbine to provide for emergency
shutdown of the gas turbine. Redundant systems will be employed to ensure safe
performance of these valves.

DEVELOPMENT HISTORY

Karhula Testing Facility

The Karhula PCFB Testing Facility was built in Karhula, Finland to support the design and
operation of commercial first generation and Advanced PCFB units. In 1989, Ahlstrom, the
parent company of Pyropower, initiated operation of the Karhula PCFB Testing Facility.
It is an integrated PCFB unit, including all of the key PCFB components and incorporating
the same mechanical design features which will be utilized in commercial plants, These
include complete fuel handling and preparation systems, sorbent injection systems,
pressurized furnace with radiant heat transfer surfaces, hot cyclone, ceramic filter, ash
cooling and depressurization systems, and testing of materials and coatings for gas turbine
blades. At the 10 MW?! scale, the Karhula facility operates at the same conditions as a
commercial process plant. The conditions include combustor operating pressure and
temperature, fluidizing velocity, arrangement of heat transfer surfaces, heat transfer rates,

solids distribution, emissions control, and residence times.

The PCFB - Filter test facility is designed for the following operating conditions:

. Heat Input 34 mmBtu/hr (10 MWth)
o Fuel Feed Rate (max) 15870 Ib/hr (2 kg/s)

o Gas Flow Rate (max) 43650 Ib/hr (5.5 kg/s)
L Operating Temperature 1616 °F (880 °C)
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o Operating Pressure (max) 232 psia (16 bar a)

Recently, Pyropower and Westinghouse Electric executed a contract for the
testing of the Westinghouse Ceramic Candle Filter technology at Xarhula.
That program, which will test the Westinghouse Filter and Coor’s Ceramic
Filter Elements, has been cosponsored by American Electric Power and the
DOE. Testing is expected to begin in the fall of 1992,

Test Facility Testing Program

The main objectives of the Karhula PCFB-Filter Testing facility program are:

o To generate process data for the design of commercial size PCFB units

L To develop engineering data for in-house and vendor engineering of PCFB
systems and plant auxiliaries such as fuel feeding and ash handling

. To generate data base for auxiliary equipment performance which can be used
for other advanced coal utilization technologies

* To demonstrate a commercial scale high-pressure high-temperature filter
under PCFB conditions

Since summer of 1989, the Karhula PCFB Testing Facility has accumulated over 3000 hours
of operation. A variety of coals have been burned including Polish Coal, Illinois No. 6 coal,
Wyoming Sub-Bituminous Coal, and Australian Coal. Future tests with Pittsburgh No. 8
coal are also planned. Plant performance results have been very encouraging with
repeatable sulfur emissions reductions as high as 95 - 99.5%, over 99.5% carbon conversion,
and under 0.2 Ib/MMBtu NO,.

INTEGRATION OF PCFB WITH EXISTING FACILITIES

In this project, an existing boiler will be replaced to repower an existing steam turbine, The
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steam turbine, manufactured by Westinghouse, was placed in service in 1954 and is rated
at 60 MW. It is designed for superheated steam at 1230 psig and 950 F at a flow rate of
561,000 pounds per hour. The associated generator is a hydrogen cooled machine rated at
60 MW. As a part of the project the turbine generator subsystems will be refurbished or

replaced as needed. Figure 2 shows how the PCFB will be integrated into the existing

systems.
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Figure 2- PCFB Connection to Existing Equipment at DMEC

In the existing cooling system, it is anticipated that the condenser will be refurbished and

the cooling tower system will be replaced. The condensate system will be refurbished with

some components such as the condensate pump motors requiring replacement.

Clean Coal Technology Conference Proceedings

1-57



PROJECT TEAM AND ORGANIZATIONAL STRUCTURE

PSI will manage the construction of, own and operate the power generation facilities.
Sargent & Lundy will provide engineering services to PSI. Destec will manage the
construction of, own and operate the coal gasification facilities. Dow Engineering
Company, engineer for Destec’'s 160 MW coal gasification facility operating in
Louisiana, Louisiana Gasification Technology, Inc. {"LGTI"}, will provide engineering
services to Destec. Destec is in the process of transferring coal gasification
engineering expertise from Dow to Destec Engineering Company and the Project will
expedite this transition. PSI is currently working with the Electric Power Research

institute ("EPRI"} to determine EPRI’s role in the Project.

Two agreements establish the basis for the relationship between PSi and Destec. The
Joint Venture Agreement established the Wabash River Coal Gasification Repowering
Project Joint Venture in order to administer the Project under the DOE Cooperative
Agreement. The Gasification Services Agreement includes the commercial terms
under which the Project will be deveioped and operated for a minimum of 25 years.
Major provisions of the Gasification Services Agreement include:

PSi

. 1o own and operate the power generation facility

. to furnish Destec with a site, coal, electric power and other utilities
. to pay a monthly fee to Destec for gasification services

Destec

. to own and operate the coal gasification facility

. 10 guarantee performance of the coal gasification facility

. 1o deliver syngas and steam to the power generation facility

The structure described in the Gasification Services Agreement allows the Project to
be integrated for high efficiency and provides for the use of common facilities to

eliminate duplication.
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PROJECT COST AND SCOPE

Facilities for the Project include the following:

Gasification Plant {Destec Facilities)

Slurry preparation

Gasification and heat recovery
Slag removal

Gas cleanup

Sulfur recovery

Oxygen facility

Control room and buildings

Power Generation {PSI| Facilities)

Combustion turbine

Heat recovery steam generator

Modifications to coal handling, water plant and switchyard
Qil storage tank

Piping additions

Control room and buildings

The total estimated capital cost for the Project is $407 million, of which Destec’s and

PSl's facilities are $285 million and $122 million, respectively. This cost includes

escalation but not allowances for funds used during construction.

PROJECT TECHNICAL DESCRIPTION

The Destec Coal Gasification process was originally developed by The Dow Chemical

Company during the 1970's in order to diversify its fuel base. The technology being

used at Wabash is an extension of the experience gained from that time through pilot

plants and up to the LGTI facility at Plaquemine, Louisiana which has been operating
since April 1987.
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Coal is ground with water to form a slurry (see Figure 3). It is then pumped into a
gasification vessel where oxygen is added to form a hot raw gas through partial
combustion. Most of the noncarbon material in the coal melts and flows out the
bottom of the vessel forming slag - a black, glassy, nonleaching, sand-like material.
The hot, raw gas is then cooled in a heat exchanger to generate high pressure steam.
Particulates, sulfur and other impurities are removed from the gas before combustion

to make it acceptable fuel for the gas turbine.

Coal Existing
Receiving

W-P In-Plant Use

:_35 M
I
| Existing
< Steam
(1091 Turbine
| MW
<« Steam
268 |
MW |
L anaas .
192
MW

[] Existing | Liguid Water
#2E New Facilities Sulfur Purge

Figure 3. Block Flow Diagram

The synthetic fuel gas (syngas) is piped to a General Electric MS 7001F high
temperature combustion turbine generator which produces approximately 192 MW of
electricity. A heat recovery steam generator recovers gas turbine exhaust heat to
produce high pressure steam. This steam and the steam generated in the gasification
process supply an existing steam turbine-generator in PS!l’s plant to produce an
additional 102 MW, Plant auxiliaries in the power generation and coal gasification

areas consume approximately 33 MW, for a nominal net power generation for export
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of 268 MW, The expected net plant heat rate for the entire new and repowered unit
is 8,974 Btu/KWH (HHV), representing approximately 20 percent improvement over
the existing unit. The heat rate will be among the lowest of commercially operated

coal-fired facilities in the United States.

In order to generate data necessary for commercialization, the Joint Venture has
chosen a very ambitious approach for incorporation of novel technology in the Project.
This approach is supported by PSI’s desire to have another proven technology
alternative available. Destec desires t0 enhance its competitive position relative to
other clean coal technologies by demonstrating new techniques and process
enhancements, gaining information as to operating costs and performance
expectations. The incorporation of novel technology in the Project will enable utilities
to make rational commercial decisions concerning the utilization of Destec’s

technology, especially in a repowering application.

New enhancements, technigues and other improvements included in the novel

technology envelope for the Project are as follows:

. A nove! application of integrated coal gasification combined cycle technology
will be demonstrated at the Project for the first time . . . repowering of an

existing coal-fired power generating unit.

. The coal fuel for the Project will be high sulfur bituminous coal, thus
demonstrating the environmental performance and energy efficiency of
Destec’'s advanced two-stage coal gasification process. Previous Destec
technology development has focused on lower rank, more reactive coals.

. Hot/Dry particutate removal/recycle will be demonstrated at full commercial

scale at the Project. Destec’s current plant, operating in Louisiana, has utilized

a wet scrubber system to remove particulates from the raw syngas.

Other coal gasification process enhancements included in the Project to improve the
efficiency and environmental characteristics of the system are as follows:

. Syngas Recycle will provide fuel and process flexibility while maintaining high
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efficiency.

° A High Pressure Boiler will cool the hot raw gas by producing steam at a

pressure of 1,600 pounds per square inch absolute {psial. Destec’s first unit
is currently operating at a pressure of 650 psia in @ much less corrosive
environment than will be experienced at the Project.

. The Carbonyl Sulfide {("COS"} Hydrolysis system 10 be incorporated at the

Project will be Destec’s first application of this technology. This system is
necessary to attain the high percent removal of sulfur at the Project.

. The Slag Fines Recycle system will recover most of the carbon present in the

slag byproduct stream and recycle it back for enhanced carbon conversion. This
also results in a high guality byproduct slag.

. Fuel Gas_Mgisturization will be accomplished at the Project by the use of low-
level heat in a new concept different from that used before by Destec. This
concept will reduce steam injection required for NO, control.

. Sour water, produced by condensation as the syngas is cooled, will be
processed differently from the method used at LGTl. This novel Sour Water
System, to be used at the Project, will allow more complete recycle of this
stream, reducing waste water and increasing efficiency.

J An advanced design Oxygen plant producing 85 percent pure Oxygen will be
used by the Project. This will increase the overail efficiency of the Project by

lowering the power required for production of Oxygen.

The power generation facilities included in the Project will incorporate the latest
advancements in combined cycle system design while accommodating design

constraints necessary to repower the exiting Unit One steam turbine.

. The Project will incorporate an Advanced Gas Turbine with new design
compressor and turbine stages, higher firing temperatures and higher pressure
ratios.

. inteqration Between the Heat Recovery Steam Generator ("HRSG"} and the

Gasification Facility has been optimized at the Project to yield higher efficiency

and lower operating costs.
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. Repowering of the Existing Steam Turbine will involve upgrading the unit in

order to accept increased steam flows generated by the HRSG. In this manner,
the cycle efficiency will be maximized because more of the available energy in

the cycle will be utilized.

PROJECT ENVIRONMENTAL ASPECTS

The plant will be designed to substantially outperform the standards established in the
CAAA for the year 2000. The Destec technology to be employed will remove at least
98 percent of the sulfur in the coal. SO, emissions will be less than 0.20 pounds of
S0, per million Btu's of fuel. NO, emissions from the Project will meet state and
federal limits. Total NO, emissions from both the gasification block and the power
block are expected to be less than 0.7 Ib/MWh. CO, will also be reduced,
approximately 21 percent on a per kilowatt-hour basis by virtue of the increased
system efficiency. Figure 4 compares emissions of current Wabash Unit 1 with

expected emissions from the Project.

EXPECTED PROJECT EMISSIONS S0, NO, Co PM Pl\g- vocC
1
Gasification Block Tons/yr 23 18 124 25 20 12
Power Block Tons/yr 204 774 374 48 42 13
TOTAL Tons/yr (Note 1) 227 792 498 71 62 25
Lb/MW hr 0.21 0.75 | 0.47 0.07 0.06 0.02
LB/MM Btu 0.02 0.08 | 0.05 | 0.01 0.01 0.003

CURRENT UNIT NO. 1 BOILER EMISSIONS

Tons/yr (Note 2) 5713 | 1.370 94 126 126 5
Lb/MW hr 38.2 2.3 0.64 0.85 0.85 0.03
Lb/MM Btu B 31 0.8 | 0.0% 0.07 0.07 0.003
Note 1: 2,111,160 MWhr estimated annuat generation {268 MW at 90%
capacity factor).
Note 2: 259)3;:)432 MW hr average annual actual gross generation for 18989 and
1 .

{approximately 37.3 capacity factor for Unit 1)

Figure 4. Project Emissions Comparison
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By providing an efficient, reliable and environmentally superior alternative to utilities
for achieving compliance with the CAAA requirements, the Project will represent a

significant demonstration of Clean Coal Technology.

The gasification process by-products, sulfur and slag, are also recyclable. Most of the
noncarbon minerals in the coal are removed during the gasification process. Sulfuris
removed as 29.7 percent pure elemental sulfur and can be sold as a raw material to
make agricultural fertilizer. The remaining minerals leave the process chemically
bound as slag which has been used as aggregate in asphalt roads and as structural

fill in various types of construction applications.

PROJECT PLAN AND SCHEDULE

Initial discussions concerning the feasibility of repowering one of PSI’s units took
place in May of 1990. The Wabash site was selected as the preferred location
because of the availability of space, the condition and size of the unit to be repowered
and the fact that the unit was to be affected by the Clean Air Act amendments. In
October 1990 PSI and Destec agreed to jointly develop the Project and submit a
proposal in response to the DOE’s Clean Coal IV sglicitation. The proposal was
submitted in May of 1991,

Cycle optimization studies, activities supporting environmental permits and preliminary
geotechnical investigations took place through the summer of 1991 while the DOE
was evaluating the Project’s proposal. The DOE announced selection of the Project
under the solicitation in September 1991, DOE negotiations were completed in May,

1992 and the National Environmental Policy Act {("NEPA") review is in progress.

In May 1992 application for approval of the Project was submitted to the Indiana
Utility Regulatory Commission and environmental permit applications were submitted
in June of 1992. The DOE signed the Cooperative Agreement on July 27, 1992 after

the required Congressional review period.
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Based on receipt of approvals, detailed engineering will be complete in 1993.
Construction is scheduled to commence early 1993 with start-up early 1985. Full

commercial operations will commence in mid-1995.
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STATUS OF TAMPA ELECTRIC COMPANY
IGCC PROJECT

Stephen D. Jenkins
TECO Power Services
702 N. Franklin Street

Tampa, FL 33602

ABSTRACT

Tampa Electric Company will utilize Integrated Gasification Combined Cycle technology for its
new Polk Power Station Unit #1. The project is partially funded under the Department of
Energy Clean Coal Technology Program Round [II. This paper describes the technology to be
used, process details, demonstration of a new hot gas clean-up system, and the schedule, leading
to commercial operation in July 1996,
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INTRODUCTION

Tampa Electric Company has begun engineering for its new Polk Power Station Unit #1. This
will be the first unit at a new site and will use, Integrated Gasification Combined Cycle (IGCC)
Technology. The unit will utilize oxygen-blown entrained-flow coal gasification, along with
combined cycle technology, to provide nominal 260MW (net) baseload generation.

The project is partially funded by the U. S. Department of Energy (DOE) under Round III of
its Clean Coal Technology Program. Use of a new hot gas clean-up system will highlight this
demonstration of IGCC technology on a commercial scale.

OBJECTIVE

Obviously, the main objective of any power plant is to provide electric power for the utility’s
Customers. This unit is an integral part of Tampa Electric Company’s (TEC) generation
expansion plan. That plan requires baseload capacity to be in service in the summer of 1996.
TEC’s objective is to build a coal-based generating unit providing reliable low cost electric
power. Using IGCC technology will meet those requirements.

Demonstration of the oxygen-blown entratned-flow IGCC technology is expected to show that
such plant can achieve significant reductions of SO, and NO, emissions when compared to
existing and future conventional coal-fired power plants. In addition, this project is expected
to demonstrate the technical feasibility of a commercial scale IGCC unit using hot gas clean-up
technology.

PROJECT PARTICIPANTS

Tampa Electric Company

Tampa Electric Company (TEC) is an investor-owned electric utility, headquartered in Tampa,
Florida. It is the principal, wholly owned subsidiary of TECO Energy, Inc., an energy related
holding company heavily involved in coal mining, transportation, and utilization. TEC has about
3200MW of generating capacity, of which 97% is coal-fired. TEC serves about 470,000
Customers in an area of about 2,000 square miles in west-central Florida, primarily in and
around Tampa, Florida.

TEC owns five generating stations; two are coal-fired (2852MW) two are oil-fired (253MW),
and one is natural gas-fired (11MW)., TEC also has four combustion turbines with about
160MW of generating capacity, used for start-up and peaking.

TE Power Services

TECO Power Services (TPS) is a subsidiary of TECO Energy, Inc., and an affiliate of TEC,
This company was formed in the late 1980’s to take advantage of the opportunities in the non-
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utility generation market. TPS is currently starting up a 295MW natural gas-fired combined
cycle power plant in Hardee County, Florida. Seminole Electric Cooperative and Tampa
Electric Company are purchasing the output of this plant under a twenty year power sales
agreement.

TPS is responsible for the overall project management for the DOE portion of this IGCC
project. TPS will also concentrate on commercialization of this IGCC technology, as part of
the Cooperative Agreement with the U. S. Department of Energy.

U, S. Department of Energy

The Department of Energy has entered into a Cooperative Agreement with TEC under Round
I of the Clean Coal Technology (CCT) Program. Project Management is based in DOE’s
Morgantown Energy Technology Center in West Virginia.

THE SITE

The Polk Power Station will be built on an inland site in southwestern Polk County, Florida
(Figure 1). The site, about !l miles south of Mulberry, is a tract previously and currently
mined for phosphate and is unreclaimed. This site was intended to be used for TEC’s next
generation addition, originally a 7SMW combustion turbine (CT) scheduled to be in service in
mid-1995. The site was selected by an independent Community Siting Task Force,
commissioned by TEC to locate a site for its future generating units,

The seventeen person group consisted of environmentalists, educators, economists, and
community leaders. The study, which began in 1989, considered thirty-five sites in six counties.
The Task Force recommended three tracts in southwestern Polk County that had been previously
mined for phosphate. These sites had the best overall environmental and economic ratings. The
selected site is about 4300 acres,

About one-third of the site will be used for the generating facilities (Figure 2). TEC will be
responsible for development of the site. As part of this overall plan, the existing mine cuts will
be modified and used to form an 850 acre cooling reservoir.

Another one-third of the site will be used for creating a complete ecosystem. It will include
uplands, wetlands, and a wildlife corridor. This will provide a protected area for native plants
and animals. The final one-third of the site will be unused, primarily used for site access and
providing a visual buffer.

THE PROJECT

Qverview

The Polk Power Station Unit #1 IGCC Project will be constructed in two phases. TEC’s
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operation needs called for 150MW of peaking capacity in mid-1995, becoming part of 260MW
of baseload capacity in mid-1996. The first phase will be the installation of an advanced CT,
scheduled for commercial operation in July 1995. This CT will fire No. 2 oil during its first
year while in peaking service. During that year, TEC will complete installation of the
gasification and combined cycle facilities which will be in commercial operation in July 1996,
This phased approach will satisfy the generation expansion plan.

Part of this DOE CCT project will be to test and demonstrate a new hot gas clean-up (HGCU)
technology. With the exception of the HGCU, only commercially available equipment will be
used for this project. The approach supported by DOE is the highly integrated arrangement of
these commercially available pieces of hardware or systems, in a new arrangement which is
intended to optimize cycle performance, cost, and marketability at 2 commercially acceptable
size of nominally 260MW (net). Use of the HGCU will provide additional system efficiencies
by demonstrating the technical improvements realized from cleaning syngas at a temperature of
about 1000°F rather than utilizing more traditional Cold Gas Clean-up (CGCU) methods: cooling
the gas to about 100°F before the sulfur removal is attempted. This low temperature process
has the disadvantage of the irreversible cooling losses and associated reheating before admitting
the syngas to the CT.

Gasification

This unit will utilize commerciaily available gasification technology as provided by Texaco in
their Jicensed oxygen-blown entrained-flow gasifier. A general flow diagram of the entire
process is shown in Figure 3. In this arrangement, coal is ground to specification and slurried
in water to the desired concentration (60-70% solids) in rod mills, The unit will be designed
to utilize about 2300 tons per day of coal (dry basis). This coal slurry and an oxidant (95% pure
oxygen) are then mixed in the gasifier burner where the coal partially combusts in an oxygen
deficient environment, at a temperature in excess of 2500°F. This produces syngas with a heat
content of about 250 BTU/SCF (LHV). The oxygen will be produced from an Air Separation
Unit (ASU). The gasifier is expected to achieve greater than 95% carbon conversion in a single
pass. Itis currently planned for the gasifier to be a single vessel feeding into one radiant syngas
cooler where the temperature will be reduced from about 2500°F to about 1300°F. After the
radiant cooler, the gas will then be split into two (2) parallel convective coolers, where the
temperature will be cooled further to about 900°F. One stream will go to the 50% capacity
HGCU system and the other stream to the traditional CGCU system with 100% capacity. This
flow arrangement was selected to provide assurance to TEC that the IGCC capacity would not
be restricted due to the demonstration of the HGCU system.

The CGCU system will be a traditional amine scrubber type, with conventional sulfur recovery.
Sulfur removed in the HGCU and CGCU systems will be recovered in the form of sulfuric acid
and elemental sulfur respectively. Both of these products have a ready market in the phosphate
industry in the central Florida area. It is expected that the annual production of 14,000 tons of
elemental sulfur or 45,000 tons of sulfuric acid produced by this 260MW (net) IGCC unit will
have minimal impact on the price and availability of these products in the phosphate industry.
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Most of the ungasified coal exits the bottom of the gasifier/radiant syngas cooler into the slag
lockhopper where it is mixed with water. These solids generally consist of slag and
uncombusted coal products. As they exit the slag lockhopper, these non-leachable products are
readily saleable for blasting grit, roofing tiles, and construction building products. TEC has
been marketing slag from its existing units for such uses for over 25 years.

Obviously, the water in the slag lockhoppers requires treatment before it can be either
discharged or reused. All of the water from the gasification process will be cleaned and reused,
thereby creating no requirement for discharging process water from the gasification system.

Air Separation Unit

The Air Separation Unit (ASU) will use ambient air to produce oxygen for use in the gasification
system and sulfur recovery unit, and nitrogen which will be sent to the advanced CT. The
addition of nitrogen in the CT combustion chamber has dual benefits. First, since syngas has
a substantially lower heating value than natural gas, a higher fuel mass flow is needed to
maintain heat input. This additional mass flow has the advantage of producing higher CT power
output. Second, the nitrogen acts to contro! potential NO, emissions by reducing the combustor
flame temperature which, in turn, reduces the formation of thermal NO, in the fuel combustion
process.

The ASU will be sized to produce about 2100 tons per day of 95% pure oxygen and 6300 tons
per day of nitrogen. The ASU may be designed and constructed as a turnkey project.

HGCU

The HGCU system is being developed by General Electric Environmental Services, Inc
(GEESI). This process is undergoing pilot plant testing at GE’s laboratory facilities in
Schenectady, NY. The advantage of the HGCU over the CGCU is the ability to use the syngas
from the gasification system. Instead of having to cool the gas prior to sulfur removal, the
HGCU will accept gas at 900-1000°F. The successful demonstration of this technology will
provide for higher efficiency IGCC systems.

One specific issue in the HGCU system for our project is the metal oxide sorbent being
demonstrated. The sorbent material used will be zinc titanate. This is a more robust material
and more amenable to the oxygen-blown entrained-gasifier syngas than zinc ferrite, which is
usually considered for air-blown gasifiers.

A regeneration system will produce a highly concentrated (about 13%) SO, stream. This will
feed a sulfuric acid plant, for production of a saleable acid by-product.

The feasibility of two (2) other support processes will be investigated for potential improvements
to this process. In addition to the high efficiency primary cyclone being provided upstream of
the HGCU system, a high temperature barrier filter will be considered for possible installation
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downstream of the HGCU to protect the combustion turbine.

Use of sodium bicarbonate, NaHCQ,, will also be investigated for possible injection upstream
of the barrier filter for removal of chloride and fluoride species on the barrier filter media by
forming stable solids NaCl and NaF which would be disposed of with other plant solid byproduct
streams.

Combined Cycle

The key components of the combined cycle are the advanced combustion turbine (CT), heat
recovery steam generator (HRSG), steam turbine (ST), and generators.

GE is currently optimizing arrangements for increasing fuel inlet temperatures and also for
lowering the pressure drop across the fuel inlet control valving. This has a compounding
positive effect on cycle efficiency by also allowing a lower pressure in the ASU, requiring less
air and nitrogen compressor parasitic power.

The HRSG is installed in the combustion turbine exhaust to complete the traditional combined
cycle arrangement and provide steam to the 130MW steam turbine,

No auxiliary firing is proposed within the HRSG system. Hot exhaust from the CT will be
channeled through the HRSG to recover the CT exhaust heat energy. The HRSG high pressure
steam production will be augmented by high pressure steam production from the coal gasification
(CG) plant. All high pressure steam will be superheated in the HRSG before delivery to the
high pressure ST.

The ST will be designed as a double flow reheat turbine with low pressure crossover extraction.
The ST generator will be designed specifically for highly efficient combined cycle operation with
nominal turbine inlet throttle steam conditions of approximately 1,450 psig and 1,000°F with
1,000°F reheat inlet temperature.

The operation of the combined cycle power plant will be coordinated and integrated with the
operation of the CG process plant. The initial start-up of the power plant will be carried out on
low-sulfur No. 2 fuel oil. Transfer to syngas will occur upon establishment of fuel production
from the CG plant.

Under normal operation, syngas and nitrogen from the ASU will be provided to the CT. The
syngas/nitrogen mix at the CT combustion chamber will be regulated by the CT control system
to control the NO, emission levels from the unit.

Cold reheat steam from the high pressure turbine exhaust and HRSG intermediate pressure steam
will be combined before reheating in the HRSG and subsequent admission to the intermediate
pressure ST. Some intermediate pressure steam will also be supplied from the HRSG to the
sulfur recovery unit.
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Integration

The heart of the overall project will be the integration of the various pieces of hardware and
systems. Maximum usage of heat and process flow streams can usually increase overall cycle
effectiveness and efficiency. In our arrangement, benefits are derived from using the experience
of other IGCC projects, such as Cool Water, to optimize the flows from different subsystems.
For example, low pressure steam from the HRSG will be produced to supply heat to the CG
facilities for process use. The HRSG will also receive steam energy from the CG syngas coolers
to supplement the steam cycle power output. Additional low energy integration will occur
between the HRSG and the CG plant. Low pressure steam will be provided by the HRSG to
the CG facilities for process use. Some low level waste heat in the CG facilities will be used
for condensate heating for the HRSG. Condensate from the ST condenser will be returned to
the HRSG/integral dearator by way of the gasifier, where some condensate preheating occurs.

Probably the most novel integration concept in this project is our intended use of the ASU. This
system provides oxygen to the gasifier in the traditional arrangement, while simultaneously using
what is traditionally excess or wasted nitrogen to increase power output and improve cycle
efficiency and also lower NO, formation.

Emissions

The primary source of emissions from the IGCC unit is combustion of syngas in the advanced
CT (GE 7F). The exhaust gas from the CT will be emitted to the atmosphere via the HRSG
stack. Emissions from the HRSG stack are primarily NO, and SO, with lesser quantities of CO,
VOC, particulate matter (PM). Table 1 presents the estimated maximum hourly emission rates
for this source. The emission control capabilities of the HGCU system are yet to be fully
demonstrated. Therefore, some emission estimates are higher compared to estimated emissions
from the CGCU system. After the completion of the 2-year demonstration period, the lower
emission rates from the CGCU system must be achieved to meet permit requirements.

It is expected that at least 96 percent of the sulfur present in the coal will be removed by the
CGCU and HGCU systems.

The advanced CT in the IGCC unit will use nitrogen addition to control NO, emissions during
syngas firing. Nitrogen acts as a diluent to lower peak flame temperatures and reduce NO,
formation without the water consumption and treatment/disposal requirements associated with
water or steam injection NO, control methods. Maximum nitrogen diluent will be injected to
minimize NO, exhaust concentrations consistent with safe and stable operation of the CT. Water
injection will be employed to control NO, emissions when backup distillate fuel oil is used and
during the first year of the 7F CT operation when the unit is operated in the simple cycle mode.

DEMONSTRATION

Part of the Cooperative Agreement for this project is the two-year demonstration phase. During
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this period it is planned that about four to six different types of coals will be tested in the
operating IGCC power plant. The results of these tests will compare this unit’s efficiency,
operability, and costs, and report on each of these test coals specified against the design basis
coal. These results should provide a menu of operating parameters and costs which can be used
by utilities in the future as they make their selection on methods for satisfying their generation
needs, in compliance with environmental regulations.

SCHEDULE

Table 2 presents key project milestones. To date, Letters of Intent have been signed with
Texaco Development Corporation for the gasification license, GE for the combined cycle
system, and GEESI for the HGCU system. Finalization of contracts is expected shortly.

During the next fifteen months, preliminary engineering and the final process arrangements will
be complete. National Environmental Policy Act (NEPAY activities are expected to be finalized
by year end 1993, allowing for the start of construction at the beginning of 1994.

This will lead to the commercial operation of the CT in July 1995 and the IGCC unit in July
1996. Following the demonstration period, TEC expects to operate the 260MW (net) unit in
baseload operation producing low cost, coal-based, reliable power.
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No.2 Fuel 01l

Constituent Post-Demonstration* ~ Demonstrationt
Particulate Matter 72 72 27
SO, 518 518 92
NO, 223 664 311
CO 98 99 99
vOC 3 3 32
* Maximum emissions after the 2-year demonstration period, based on emissions achievable with
CGCU. Utilization of HGCU to be based on ability to achieve maximum post-demonstration
emission rates.
T Maximum emissions during the 2-year demonstration period, based on up to 50 percent
utilization of HGCU. Maximum post-demonstration emission rates to be achieved thereafter.
Table 1. Maximum Emissions from the IGCC Unit’s CT (All Values lb/hr)
1-84 Clean Coal Technology Conference Proceedings



Date Activity

January 1992 Need for Power Certification received from State of Florida
February 1992 Texaco, Inc. awarded contract for preliminary engineering/process

development

March 1992 Novated Cooperative Agreement signed

April 1992 Volume of Environmental Information submitted to DOE

April 1992 Letters of Intent initiated with Texaco and General Electric

July 1992 Site Certification Application submitted to Florida Department of

Environmental Regulation
August 1992 DOE Scoping Meeting

September 1992 Request bids for detailed engineering

May 1993 Certification hearing before State of Florida
Fall 1993 Receive permits

January 1994 Start construction

July 1995 Commercial operation of CT

July 1996 Commercial operation of 1GCC

Table 2. Major Project Milestones
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SESSION 2:
High Performance Pollution Control Systems

Chairs: Dr. Joseph P. Strakey, DOE PETC
Dr. Lawrence Saroff, DOE Headquarters

Acid Rain Compliance — Advanced Co-Current Wet FGD Design for the Bailly Station,
Robert C. Reighard, Director of Operations, Pure Ait. Authors: Beth Wrobel,
Northern Indiana Public Service Company, and Don C. Vymazal, Pure Air

Demonstration of Innovative Applications of Technology for the CT-121 FGD
Process, David P. Burford, Project Manager, Southern Company Services, Inc.
Co-authors: Harry J. Ritz, DOE Pittsburgh Energy Technology Center, and Oliver W.
Hargrove, Radian Corporation.

NO,/SO, Removal With No Waste — The SNOX Process, Timothy D. Cassell, SNOX
Site Leader, ABB Environmental Systems. Co-authors: Sher M. Durrani, Project
Manager, Ohio Edison Company, and Robert J. Evans, Project Manager, U.S. DOE
Pittsburgh Energy Technology Center.

SNRB - 80,, NO,, and Particulate Emissions Control with High Temperature
Baghouse, Kevin E. Redinger, Project Manager, The Babcock & Wilcox Company.
Co-authors: Rita E. Baolli, Ohio Edison Company, Ronald W. Corbett, U.S. DOE
Rittsburgh Energy Technology Center, and Howard J. Johnson, Ohio Coal
Development Office.

The NOXSO Clean Coal Technology Project: A 115 MW Demonstration Unit,
Dr. James B. Black, Sr. Project Engineer, NOXSO Corporation.
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ACID RAIN COMPLIANCE - ADVANCED CO-CURRENT
WET FGD DESIGN
FOR THE BAILLY STATION

Beth Wrobe!
Northern Indiana Public Service Company
246 Bailly Station
Chesterton, IN 46304

Don C, Vymazal
Pure Air
7540 Windsor Drive
Allentown, PA 18195

ABSTRACT

Northern Indiana Public Service Company (NIPSCO) has chosen an unique approach to
comply with air quality regulations at its Bailly Generating Station. The utility has
entered into a 20-year agreement with Pure Air to design, engineer, construct, fabricate,
own, operate, maintain and finance the FGD project. Pure Air, a general partnership
company between Air Products and Chemicals, Inc. and Mitsubishi Heavy Industries
America, Inc., was selected by the U.S. Department of Energy (DOE) under the Clean
Coal Technology Program to instail an advanced co-current, wet flue gas desulfurization
(FGD) system at the Bailly Generating Station. The project combines the most advanced
features of Mitsubishi's 87 units worldwide (over 24,000 MW installed) and an
innovative commercial arrangement into a single project to demonstrate substantially
lower capital and operation costs when compared to conventional FGD designs. This
paper discusses advanced wet FGD design features, the own and operate commercial
arrangement, the costs of the Bailly project, and project status.

BACKGROUND

Pure Air, a general partnership between Air Products and Chemicals, Inc. { Air Products)
and Mitsubishi Heavy Industries America, Inc. (MHIA), was established in 1985 to
market flue gas desulfurization (FGD) equipment and services in North America. MHIA
is a wholly-owned subsidiary of Mitsubishi Heavy Industries, Ltd. which has sold
87 FGD units worldwide, with a total of over 500 years of operating time on all the units
combined (Table 1). The joint venture combines Mitsubishi's Advanced FGD
technology with Air Products' plant construction and operations capability to form a
company which can either sell the FGD equipment or design, construct, finance, own,
operate, and maintain FGD plants. Air Products pioneered the "On-Site" concept over 40
years ago, and currently owns and operates over 165 industrial gas, chemical,
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cogeneration, and waste-to-energy plants around the world. Many of the same types of
economic benefits successfully demonstrated in other industries with own and operate
project services provided by an experienced chemical plant operator can be transferred to
the FGD market.

Pure Air began development efforts in early 1988 for an On-Site Advanced FGD facility
serving the Northern Indiana Public Service Company (Northern Indiana). With the
cooperation of Northern Indiana, the project was submitted to the United States
Department of Energy (DOE) for consideration under the Innovative Clean Coal
Technology Program (Solicitation II), and was selected in September 1988 to receive
cooperative funding of $63,434,000.

In September 1989, a flue gas processing agreement was signed with Northern Indiana,
whereby, an Advanced FGD facility will be constructed at its Bailly Generating Station
in Dune Acres, Porter County, Indiana {on the southern shore of Lake Michigan adjacent
to the National Lakeshore). The facility will provide flue gas processing services for
Bailly Units #7 and #8 which together have a nameplate capacity of approximately
600 megawatts.

The primary purpose of the Bailly project is to demonstrate that by combining Advanced
FGD technology, highly efficient and sophisticated plant operation and maintenance
capabilities, and by-product gypsum sales, significant quantities of sulfur dioxide
emissions reduction can be achieved at a substantially lower cost than currently available
FGD systems. The Bailly Project will use the following advanced features which will
have economic effects on future FGD systems:

*  Single 600 MW module which will reduce costs for power plants over 200 MW. Use
of a single 100% capacity absorber module will demonstrate that spare modules are
no longer necessary due to the high reliability of the module design.

* Co-current, single loop absorber with in-situ oxidation producing high quality
gypsum while operating with a wide range of high sulfur coals. Oxidation will be
accomplished by an innovative air rotary sparger system.

* The FGD supplier will own and operate the plant for 20 years or more and provide
ongoing performance guarantees which will reduce operating risk and cost to utilities
and their customers.

» Sale of commercial grade gypsum to a wallboard manufacturer.

» Direct injection of powdered limestone.

* High sulfur dioxide removal efficiency up to 95%.

* Wastewater Evaporation System (WES) which will reduce water disposal problems
inherent with many U.S. power plants.

* Multiple boilers to a single absorber module which will significantly reduce costs at
power plants with multiple boiler units.

2-4
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ADVANCED FGD PROCESS OVERVIEW

A schematic of the Advanced FGD system process flow for co-current, single
loop/in-situ oxidation is depicted in Figure 1. The following discussions present a
process description of the various sections of the process with reference points noted on
the process flow diagram.

S Chemi | Operati

The Advanced FGD system that Pure Air and Northem Indiana will demonstrate will be
a blend of innovative and existing process technologies. The Advanced FGD system will
be the first demonstration of various process features on high sulfur coal, and the
Advanced FGD will integrate all of these features into a single 600 MW scrubbing
system,

1. Sulfur Dioxide Al tion Secti

The flue gas flows through a co-current open grid packed tower. Constantly
recycled shurry is used to quench the hot gas and to provide available alkali for the
collection of sulfur dioxide in the grid stage. The intimate contact between the
slurry and the flue gas in the grid stage also enhances natural oxidation. The
following reactions occur:

ABSORBER

SOz + Oz ===> H.5Os

H:803 ===> H* + HSO,-

(H+ HSO,- + 1/2 O2 ===> 2H* + S04+2) Natural Oxidation
(2H* + S04 2+ CqCO; + Aq ===> CaSO4 * 2H20 + CO2)

The integral absorber tank is utilized as the recycle reservoir, the in-situ oxidation
vessel, and the reaction tank for limestone dissolution., A blower is used to
introduce air into the integral tank to effective over 99% oxidation of sulfite to
sulfate. Gypsum slurry is drawn from the integral tank to maintain a 20-25 weight
percent slurry content. This strearn is collected in a surge tank for further

processing.
INTEGRAL SUMP/OXIDATION VESSEL
H* + HSOs" + 1/2 O2 ===> ZH* + SO047? Forced Oxidation

2H* + SO4? + CaCOs + Ag ===> CaS0s4 » 2 H20 + CO:

Claan Coal Technology Conference Proceedings
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As the gas/slurry mixture exits the grid stage and changes flow direction, gravity
separates the two phases. Slurry falls to the absorber tank while the flue gas passes
through a multi-stage mist eliminator that is washed intermittently. Collected
entrainment is returned to the absorber, while clean gas flows to the stack. Dry
powdered limestone is pneumatically conveyed from pulverized limestone silos and
injected directly into the absorber tank. Make-up water is reclaimed from the
Gypsum Dewatering Section.

2. Gypsum Dewatering Section

Raw gypsum slurry is batch fed into automatically programmed basket type
centrifuges with washing systems. The final product contains 6-8 weight percent
moisture (10% maximum).

Filtrate water reclaimed from the raw gypsum is not disposed. A blowdown stream
is used to maintain contaminant levels (Cl-, Al+++, Mg++, etc.) within system
limits. The remainder is recycled to the absorber for evaporative losses.

3. Wastewater Evaporatiop System (WES)

Under Normal operating conditions the blowdown wastewater is injected into the
duct work upstream of the Unit #8 electrostatic precipitator. A back-up WWTS has
been installed to handle any water not processed in the WES., Under certain
operating conditions, wastewater in excess of that which will be processed in the
WES will be treated in Pure Air's water treatment system.

Facilities Descripti

The Advanced FGD system installed on Bailly Unit #7 and Unit #8 has been designed
from a long term operating viewpoint. Since the anticipated useful life of the power
plant is 20 years, Pure Air must strive for maximum reliability and component life. The
use of spare parts, future expanston capability and top quality materials of construction
ensures project continuity through its initial 20-year life. Further, at the end of 20 years,
Northern Indiana will have the option to continue to extend the agreement with Pure Air
and the facility's use for many years.

1.  Sulfyr Dioxide Absorption Section

Flue gas is collected from both Bailly Unit #7 and Unit #8 and ducted to a single
co-current absorber. This gas flow configuration allows a higher superficial
velocity (2 to 3 times that of a counter-current vessel). By using high-efficiency
open grid packing, tower height is also reduced. This, combined with the use of
dry powdered limestone, minimizes the land area required at the flue gas source.

2-6
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Rubber lined pumps are used exclusively in slurry service, including the absorber
recirculation and absorber bleed pumps. Forced oxidation and tank agitation are
accomplished by use of a corrosion-resistant Air Rotary Sparger (ARS). The ARS
reduces air and power requirements from those of fixed sparger designs. A small
fixed air sparger is also installed in the absorber tank. A high efficiency, vertical
two-stage chevron-type mist eliminator, made of thermoplastic, is employed in the
horizontal gas flow to virtually eliminate droplet carryover.

In order to protect the lining of the absorber shell from being exposed to extremely
high temperature conditions which would be caused by absorber recirculating
system malfunction, an emergency quenching system is provided. This system is
comprised of a quench water pump and emergency spray nozzles which are
instalied in the absorber.

The entire instrumentation system will be monitored, controlled and alarmed by an
integrated distributed digital control system. Since the Advanced FGD design does
not employ multiple absorber towers, no flue gas balancing is required. Sulfur
dioxide removal efficiency is controlled by a combined feed forward/feed back
system. Removal efficiency is directly related to the outlet sulfur dioxide
concentration. The outlet sulfur dioxide monitor detects any variation in signal
caused by a change in FGD inlet sulfur dioxide load, and the control system adjusts
the limestone feed quantity to compensate. The limestone addition rate is further
trimmed by a feed forward signal of boiler load. This system will then maintain
removal efficiency over a wide variety of boiler loads and coal sulfur contents.

G D ing Secti

The centrifuge feed pumps deliver raw gypsum slurry, based upon sturry density in
the absorber sump, directly to the feed manifold for the centrifuges. There are
three major stages in a centrifuge batch sequence; (1) start-up and raw gypsum
charge, (2) dewatering and cake waghing, and (3) shutdown discharge and cleaning.
With each of the centrifuges in a different stage, raw gypsum feed and by-product
gypsum production appear to be continuous operations. By-product gypsum will
be conveyed to a storage facility for transport to a wallboard manufacturer.

Yastewater Evaporation Svstem

Filtrate reclaimed from the centrifuges is collected in a fiftrate sump. The sump
and agitator are corrosion/erosion resistant, and the filtrate sump is fitted with
vertical sump pumps which feed reclaimed water to the thickener where entrained
solids are separated. The majority of the fiitrate water is recycled back to the
absorber.
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Part of the filtrate water from the thickener over flow tank is pumped, on a flow
control basis, to a grid of spray nozzles located in the duct work upstream of the
Unit #8 ESP. The flash dried material is collected simultaneously with the fly ash.

4. Limestone Handling and Transfer Svstem

Powdered limestone will be delivered to the site in 24 ton trucks. Unloading
blowers move the limestone from the trucks to storage silos. Each silo will have a
single discharge, a limestone feeder, and a transport jet conveyor. Transfer blowers
will deliver limestone to the absorber through a pneumatic conveying system.

DEMONSTRATION PROGRAM EXECUTION

Pure Air will conduct a 68-month program of engineering, procurement, construction,
start-up, and operation of the Advanced FGD processing facility. The overall program
will confirm the technical reliability and cost effectiveness of the Advanced FGD design.

Demonstration Test Plan

After the start-up of the Advanced FGD system, a series of tests will be performed by
Pure Air and Northern Indiana over a period of three years to demonstrate the operation
of the facility using a wide range of coal feeds. Five of the demonstration runs will last a
total of 20 weeks and will test coals of specific sulfur content which are available in the
Indiana/Illinois region:

* between 2.0 and 2.5 weight percent sulfur
» Dbetween 2.5 and 3.0 weight percent sulfur
» between 3.0 and 3.5 weight percent sulfur
* between 3.5 and 4.0 weight percent sulfur
* between 4.0 and 4.5 weight percent sulfur

The tests which are anticipated to be performed for each of these periods are summarized
in Table 2. The overall objective for all four test periods is the measurement of sulfur
dioxide removal efficiency of the Advanced FGD design and the confirmation of the
gypsum by-product quality while buming various coals. Since the demonstration plant is
serving an existing active power plant, operation at varying loads will demonstrate
turndown and cycling operation capabilities of the Advanced FGD design.

The last test at the maximum design sulfur content in the coal (between 4.0 and
4.5 weight percent) and at maximum boiler load conditions will also be performed. This
test will demonstrate the operation of the Advanced FGD facility at sulfur dioxide
removal efficiencies up to 95 percent while simultaneously producing wallboard-quality

gypsum.

A sixth test, also lasting about one month, will be performed near the end of the three-
year demonstration period using an optimum coal supply for the Bailly generating
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station. Analysis of the data from the earlier test periods described above will provide a
unique opportunity during this operation. The primary objective of this final test is to
determine the lowest unit cost for the most efficient SOz removal, while firing the
optimum coal (or combination of coals) and producing the highest quality salable

gypsum.

In addition to those tests listed in Table 2 which are specific to particular coal sulfur
contents and boiler loads, other tests of specific equipment items and operating
parameters are also planned over the three-year demonstration period. As indicated in
Table 3, these tests include a reliability and maintenance study of the major equipment
items used in the Advanced FGD systemn.

As described in the demonstration plan, the Advanced FGD design will be thoroughly
evaluated. The flue gas strearn composition will be changed by utilizing different coals
during the demonstration period. Power plant operations will be varied to test the
turndown ratio of the Advanced FGD design, its response to upset conditions and its
ability to respond to rapid increases in flue gas flow rates. (Further, the effect of
changing limestone fineness on Advanced FGD operations will be tested.) Each of these
tests will serve to maximize advancement of the Advanced FGD technology.

COMMERCIAL ARRANGEMENT

Northern Indiana has signed a flue gas processing agreement with Pure Air, whose scope
includes the following: design, engineer, fabricate, construct, finance, own, operate and
maintain an Advanced FGD facility adjacent to the Bailly generating station. Under this
agreement, Pure Air is responsible for (i} procurement of limestone, (ii) processing and
returning of flue gas, and (iii) delivery of wallboard grade gypsum to Northern Indiana,
(iv) treatment of the wastewater from the AFGD facility. Pure Air also assisted in the
development of a gypsum sales contract as part of its services to Northern Indiana on this
project.

Northern Indiana will pay a monthly Base Facility Charge (BFC) for flue gas processing
services. The BFC was essentially fixed at contract execution, almost three years before
commercial operation. The BFC is comprised of the following components:

= Fixed Component - Fixed for 20 years (Capital recovery, financing costs, start-up
cost, spare parts, and risk premium).

» Fixed Variable Component - Escalates with indices (Base operating and maintenance
cost recovery).

= Limestone Component - Escalates with indices (Utilization guarantee).

The Fixed Component is constant over the life of the agreement. It should be noted that
this price was determined at contract execution and any cost overruns due to Pure Air's
estimate are {0 Pure Air's account, thus providing a fixed lump sum capital cost contract.
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The Fixed Variable and Limestone Components were determined at contract execution
and are subject to adjustment on a quarterly basis. The Limestone Component will be
adjusted for the sulfur content of the coal and plant capacity factor. The Fixed Variable
Component provides Northern Indiana with fixed base operating and maintenance cost
for the term of the agreement, thus providing a long-term fixed operating contract to
Northern Indiana. This approach makes Pure Air responsible for the turnkey, financing,
operating and maintenance risks as well as the FGD system performance.

After completion of the demonstration period, Northem Indiana will enter into a long-
term commercial agreement with Pure Air to process their flue gas generated from the
Bailly Station. Pure Air will guarantee the following items:

»  Sulfur Dioxide Removal Efficiency

* Reliability

*  Gypsum Quality (purity and moisture content)

» Capital Cost of the Advanced FGD Facility (at execution of the agreement)

» Base Operating and Maintenance Costs (at execution of the agreement and for the
term of the agreement).

* Power Consumption

= Pressure Drop

»  Process Water Usage

*  Wastewater Quality

Over the last five years, U.S. utilities have recognized the viability of worldwide FGD
trends previously not accepted in the U.S. Pure Air is presently marketing this Advanced
FGD process to utility and industrial customers. This Pure Air Advanced FGD system
incorporates virtually all of the features recommended in the Advanced FGD philosophy
the Electric Power Research Institute which recommended to the utility marketplace(1) at
the First Combined FGD and Dry SO: Removal Symposium in St. Louis in
October, 1988.

2-10

Clsan Coal Technology Conference Proceedings



BAILLY PROGRAM COST OVERVIEW

The total program cost for this project is approximately $150.5 million. This program
cost includes Advanced FGD capital costs, Northern Indiana’s capital costs, power costs,
land costs, envirommental permits, fuel costs for Northern Indiana, and project operating
costs for the first three years of operation. These costs can be broken down as follows:

Components Totals
Description (3MM), 19923 (MM, 19928

Absorber, Ducting and Associated Equipiment $55.5
Gypsum Dewateting and Handling 15.9
Limestone Handling and Storage 2.3

Subtotal - Advanced FGD Costs $73.7
Start-up and Spare Parts 6.1
Power Plant Modifications (Northern 23.9

Indian Capital)
- New Stack, Relocation of Buildings, AFUDC

Short-Term Interest 6.0

Subtotal - Other 36.0

Demonstration Period Operating Costs 40.8

Total Program Costs $150.5

DOE cooperative funding supports approximately 42% of the program costs for a total of
$63.4 MM. The DOE funding is applied to capital costs and operating costs during the
Demonstration Period (the first three years of operation).
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BAILLY PROJECT ISSUES

Some Bailly Project issues required the extensive team effort of both Pure Air and
Northern Indiana to resolve. These included the Indiana Utility Regulatory Commission
(IURC). Approval Permits, and Gypsum Sales. The following is a short description of
the issues and their handling of these issues:

Indiana Senate Bill 505 became effective on July 1, 1989. This bill requires an Indiana
Utility Regulatory Commission review before a public utility may implement a clean
coal technology. The formal approval is titled "Certificate of Public Convenience and
Necessity." Northern Indiana was required to obtain this certificate and thus this
approval by the IURC forecloses subsequent challenges to the inclusion of the
technology in the rate base on the basis of excessive cost, adequate quality control, or
inability to employ the technology.

The IURC was required by this bill to examine the following factors when determining
whether to grant the certificate:

1. The costs for constructing, implementing, and using clean coal technology compared
to the costs for conventional emission reduction facilities.

2. Whether a clean coal technology project will also extend the useful life of an
existing generating facility and the value of that extension.

3. The potential reduction of sulfur and nitrogen based pollutants achieved by the
proposed clean coal technology system.

4. The reduction of sulfur and nitrogen based pollutants that can be achieved by
conventional pollution control equipment.

5. Federal sulfur and nitrogen based pollutant emission standards.

6. The likelihood of success of the proposed project.

7. The cost and feasibility of retiring the existing electric generating facility.

8. The dispatching priority for the facility utilizing clean coal technology, considering
direct fuel costs, revenues and expenses of the utility, and environmental factors

associated with by-products resulting from the utilization of the clean coal
technology.
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9. Any other factors the commission considers relevant, including whether the
construction, unplementation, and use of clean coal technology is in the public's
interest.

In addition--first and foremost, Northern Indiana had to prove that the Pure Air
technology was not in commercial use in the United States as of January 1, 1989.

A procedural schedule was developed that established specific dates for all involved
parties to submit testimony and attend hearings. The original schedule encompassed the
time frame from August 27, 1989, until March 1, 1990. Due to an agreement between
the interveners, the IURC, and Northern Indiana, the schedule was shortened to conclude
on January 11, 1990. On Aprd 11, 1990, Northemn Indiana received a Certificate of
Public Convenience and Necessity from the IURC.

One of the stipulations of the Certificate was an annual review and update on the
anmiversary of the Certificate. This review was to update the JURC on any cost changes
"or anything else the Conmunission deemed necessary.” In early 1991, Northern Indiana
started the process of the annual review. This review specifically addressed the issues of
accounting treatment of certain deferred cost approval of the revised estimate of costs
and the transfer of the wastewater treatment system from Northern Indiana's scope of
supply to Pure Air's scope of supply.

Permits

The project was faced with obtaining typical environmental permits/approvals for
construction and operation including those for air emissions, wastewater discharges, and
waste disposal. In addition because the project involves the Department of Energy funds,
an Environmental Assessment (EA) was involved.

Air quality impact issues were addressed through the Indiana Department of
Environment Management's (IDEM) Office of Air Management (OAM). Since the
Bailly Station will have two (2) stacks, an existing and AFGD stack, each will have a
different emission limits. The existing stack will have a SOz limit of 6.0 Ib/MMBtu
while the new stack will have a 1.2 1b/MMBtu limit.

A fugitive dust plan was developed as part of the Permit to Construct application. Due to
the handling of products such as limestone, lime, and gypsum, there was a concem that
fugitive dust would occur due to vehicle resuspension. A road washing program was
proposed and accepted by IDEM, OAM which alleviated that concemn.

The permit stipulated the following:

= S50: emissions limit of 1.2 1lb/MMBtu;

« particulate matter emissions limit of .22 ib/MMBtu;
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= visible emissions limit of 40 percent opacity;
= continuous emission monitoring (CEM) of SOz before and after the absorber vessel;
« CEM for percent oxygen or carbon dioxide;

+ CEMs for recording of opacity before absorber in individual ducts from Units 7 and
8.

3

= sulfur content of coal used at the Station shall not exceed 4.5 percent;

+ bunkered coal will be sampled on a daily basis for heat content and percent sulfur;
and,

= stack tests for SO: and particulate matter shall be required for a schedule specified in
the permit.

Since the AFGD System, wastewater will be combined with the existing Bailly Station's
Wastewater, IDEM, Otffice of Water Management (OWM) concluded that the Station's
National Pollutant Discharge Elimination System (NPDES) permit should be modified.

The AFGD produces two (2) wastewater streams: domestic sanitary sewer wastes and
process wastewater from the AFGD. The final permit limits are as follows:
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TABLE 1

PURE AIR PROCESS DELIVERY RECORD

NO. OF TOTAL

COUNTRX ABSORBENT FUEL AUNITS.  _MWS
Utility Use:
China Limestone Coal 2 720
Denmark Limestone Coal 2 500
Gernmany Lime Coal 5 1021
Germany Limestone Coal 14 3170
Japan Limestone Coal 20 9438
Japan Lime Oil 10 2130
Japan Limestone oil 17 4354
United States Limestone Coal 3 1580
TOTALS 73 22,913
Industrial Use: 14 1,478 equiv*
GRAND TOTAL 87 24,391

*Flue Gas Volume 4,956,7000 NM*/H
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TABLE 2

BREAKDOWN OF TESTS DURING

DEMONSTRATION TESTS
1-5 - Limestone Feed Rate Vary stoichiometric ratio up to limit on gypsum
purity
6-35 - Liquid/Gas Ratio Run up to three liquid rates for boiler loads from

minimum on Unit 7 (around 10% of overall station
output) to 100% at intervals of 10%

36-53 - Air Flow to ARS At boiler loads of 20, 30, 50, 70, 90, and 100%, run
up to three air flows to determine the minimum air
flow while maintaining gypsum purity

Notes:

For the Liquid/Gas Ratio at 100% load, design conditions for both limestone
stoichiometry and air flow to the ARS will be used.
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TABLE 3

TESTS PERFORMED OVER 3-YEAR DEMONSTRATION
PERIOD

RAM (Reliability/Availability/Maintainability) Analysis
- used to verify mechanical performance of equipment items, develop maintenance
schedule and equipment life

Change in Limestone Particle Size and Limestone Source
Waste Evaporation System (WES) (approximately 30 tests)
- study the effects of water flow and flue gas temperature on performance of WES and

downstream electrostatic precipitator (ESP)

Optimization of Basket Centrifuge Operation (approximately 50 tests)
- determine the effects of wash water and centrifuge operating parameters on gypsum

purity
Response of Advanced FGD systein to trip of at least one boiler
Response of Advanced FGD system during start-up of one or both boilers

Test of advanced FGD Emergency Quenching System
- Simulation of air heater trip
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DEMONSTRATION OF INNOVATIVE APPLICATIONS OF
TECHNOLOGY FOR THE CT-121 FGD PROCESS

David P. Burford
Southern Company Services, Inc.
800 Shades Creek Parkway
Birmingham, Alabama 35209

Oliver W. Hargrove
Radian Corporation
8501 Mo-Pac Boulevard
Austin, Texas 78720

Harry J. Ritz
U.S. Department of Energy
Pittsburgh Energy Technology Center
Wallace Road
Pittsburgh, Pennsylvania 15236

ABSTRACT

The Chiyoda Clean Coal Project at Georgia Power’s Plant Yates Unit 1 is a2 $36 million
project cofunded by the Department of Energy, the Electric Power Research Institute, and
The Southern Company. The CT-121 scrubbing system features a single SO, absorption
module called the jet bubbling reactor (JBR) made of fiberglass-reinforced plastics where
several chemical reactions (absorption/neutralization/oxidation/crystal growth) take place
concurrently. The 100 MW flue gas scrubber will use limestone as a reagent to remove up
to 95 percent of the inlet SO, and operate for 27 months beginning in October 1992,
producing gypsum as a by-product. Gypsum will be tested for construction and agricultural
uses with the majority deposited in a gypsum “stack,"” a disposal technique used in the
phosphate fertilizer industry. Operational testing is to run through late 1994, and will
include sustained high SO, removals, simultaneous particulate removal in the JBR, an
alternate limestone, and an alternate higher sulfur coal.
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INTRODUCTION

This paper describes the status of one of the U.S. Department of Energy (DOE) Innovative
Clean Coal Technology (ICCT) Projects (Clean Coal II) sponsored and conducted by The
Southern Company. The ICCT program is designed to demonstrate clean coal technologies
that are capable of retrofitting or repowering existing facilities to achieve significant
reduction in sulfur dioxide (SO,) and/or nitrogen oxide (NO,) emissions and increased
efficiencies/utilization of domestic coal resources. The technologies selected for
demonstration are capable of being commercialized in the 1990’s and are expected to be

more cost effective than current technologies.

The project objective is to demonstrate innovative applications of technology for cost
reduction to Chiyoda’s CT-121 SO, scrubbing process. The CT-121 process is a second-
generation, flue gas desulfurization (FGD) process that the Electric Power Research
Institute (EPRI) and Southern Company Services, Inc. (SCS) consider to be one of the
lowest cost FGD processes in its current commercial configuration. Further cost reductions
will make this process even more competitive and attractive to electric utilities or other coal

users worldwide.

Georgia Power Company’s Plant Yates Unit 1 will host this project. Plant Yates is located
on the Chattahoochee River, 40 miles southwest of Atlanta between Newnan and Carrollton.
The CT-121 process retrofit for this demonstration project will treat the whole flue gas
stream generated by the 100-MW Unit 1 boiler (See Photo 1). A blend of Illinois No. § and
No. 6 coals containing between 2.5- and 3-percent sulfur will initially be burned with higher

sulfur testing possible later in the project.

The Yates project is managed by SCS on behalf of the project cofunders: The Southern
Company, DOE, and EPRI. The Southern Company includes Alabama Power, Georgia
Power, Gulf Power, Mississippi Power, and Savannah Electric and Power, in addition to
SCS. SCS provides engineering and research services to all the subsidiaries of The Southern

Company.
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PROCESS DESCRIPTION

The CT-121 process is a wet FGD process that chemically removes SO,, achieves
simultaneous particulate control, and produces a salable gypsum by-product, thereby

eliminating solid waste production. Figure 1 is a schematic flow diagram of the process.

The CT-121 process removes SO, and particulate matter in a unique limestone-based
scrubber called the Jet Bubbling Reactor (JBR). (See Figure 2.) In the JBR, flue gas is
bubbled beneath a limestone slurry where SO, is absorbed and particulate matter is
removed from the gas. The agitator assures that fresh slurry is always available in the
bubbling or froth zone so that SO, removal can proceed at a rapid rate. Limestone is added
to neutralize acidic intermediate products and to form gypsum, Air is introduced into the

bottom of the JBR to completely oxidize the absorbed SO, to sulfate.

The JBR is designed to allow time for complete reaction of the limestone, for complete
oxidation of the SO,, and for the growth of large gypsum crystals. The gas velocity above
the gas-slurry contact zone (froth zone) is sufficiently low to allow for separation of slurry
from the cleaned gas prior to the gas entering the mist eliminator. This promotes more
efficient mist eliminator performance which increases reliability. The fully reacted gypsum
slurry is continuously withdrawn from the JBR reservoir and is gravity dewatered in a
gypsum stack. This upstream stacking method calls for filling a diked area with gypsum
slurry, allowing the gypsum solids to naturally sediment out and removing clear liquid for

return to the process.

The CT-121 process offers several distinct advantages over conventional limestone FGD

systems:
. Essentially complete limestone utilization which reduces reagent
costs, scaling tendency and the volume of sludge produced.
. Complete oxidation of sulfite to sulfate with large crystal growth
which results in better solids handling and dewatering
characteristics.
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. Elimination of chemical scaling in the absorber.

* Elimination of large centrifugal slurry recirculation pumps that
consume power and prevent large crystal growth.

* Improvement in mist eliminator and wet stack performance.

J Elimination of the potential for limestone "blinding" due to the
reduced presence of aluminum fluoride.

J Reduction in chemical oxygen demand of the gypsum by-
product should waste water treatment be required.
The CT-121 process is in widespread commercial use in Japan but has only one commercial
application in the United States. At the University of Illinois, a 45-MW CT-121 process
began operation in 1988 on a stoker boiler, which produces steam heat for the campus.[1]
In Japan, commercial CT-121 processes are used to treat the flue gas from boilers that burn
oil or low-sulfur coal. Some of the Japanese oil-fired units do not include particulate
control devices upstream of the CT-121 processes. These are atypical of American utility

applications.

The Southern Company has first-hand experience with the CT-121 process. In the late
1970’s, SCS tested the very first CT-121 system at Gulf Power’s Plant Scholz near
Tallahassee, Florida, as part of a five-process evaluation. The success of that 23-MW CT-

121 test was a big factor in choosing this process for demonstration at Plant Yates.

PROJECT DESCRIPTION

SCS currently considers the CT-121 process one of the best process alternatives for
application in The Southern Company should FGD technology be required for compliance
with the Clean Air Act Amendments of 1990. EPRI and SCS have conducted independent
studies of FGD process economics and consider CT-121 to be a very attractive candidate
for medium- to high-sulfur coal applications. EPRI’s process economics are presented in

Figure 3.
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The purpose of the Yates ICCT project is to demonstrate the CT-121 process on high-
ash/high-sulfur U.S. coal using several design modifications that will reduce the estimated
cost of the present CT-121 process by as much as 23 percent for power plant retrofit
applications and as much as 50 percent for new power plant installations. This will be
accomplished while maintaining 90-percent SO, removal and high particulate removal

efficiency. A reusable gypsum by-product will also be produced during the project.

The major cost-reducing design changes to be demonstrated are:

L Corrosion resistant materials of construction.

. Elimination of a spare absorber module.

. Elimination of flue gas reheat.

. Combined SO, absorption and particulate removal in a single vessel.

In the past, most utility-scale units with CT-121 processes included a prescrubber for control
of soluble chloride concentrations and JBRs made of relatively expensive stainless steel.
Typically in FGD systems, outlet ducts and chimneys are lined with organic liners or high-
grade, expensive alloys. Organic liners normally have to be replaced after a period of time,
which adds additional expense and inconvenience; corrosion problems are almost always
present even with expensive stainless steels. For the Yates project, the prescrubber has
been removed; and the JBR, outlet duct, and chimney will be made of solid fiberglass-
reinforced plastics (FRP), which are unaffected by chloride or other corrosion mechanisms
normally experienced in FGD processes. A successful demonstration of FRP in this project
will confirm the decision to eliminate a prescrubber in the CT-121 process as well as

demonstrate a vessel material that is less expensive than stainless steels,

This project is also intended to demonstrate that the CT-121 process using a JBR made of
FRP is highly reliable and does not require a spare absorber module to effectively control
SO, emissions. Current Federal New Source Performance Standards (NSPS) require that
spare scrubber modules be installed on utility FGD systems if bypass options are to be used

in an emergency situation. The Clean Air Act Amendments of 1990 do not specifically
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require the use of spare absorbers, but some utilities are still reluctant to commit to a
compliance plan that does not include spare absorber modules in FGD systems simply for
mechanical reliability. This project is intended to demonstrate that the CT-121 process
using a JBR made of FRP is highly reliable and does not require a spare absorber module

which, of course, reduces capital costs.

Another cost-saving modification to be demonstrated in this project is the elimination of flue
gas reheat downstream of the scrubber. The flue gas leaving any wet scrubber is at its water
dewpoint and, without reheat, subsequent cooling in the ductwork and stack causes moisture
to condense into small droplets. These water droplets absorb traces of SO, and form a
highly acidic mist that can cause severe corrosion in ducts and stacks. These droplets may
also "rainout" near the base of the stack, causing damage to surrounding structures and
vehicles. To prevent these problems, this project will use operating techniques and
equipment designs that physically "knock out" the acid droplets and eliminate the need for

costly reheating, saving both capital and operating expenses.

The final cost-saving modification will be an evaluation of simultaneous removal of SO, and
particulate matter in the JBR. Typically, an electrostatic precipitator (ESP) or fabric filter
is used upstream of a scrubber to remove particulate matter from the hot, dry flue gas. In
the CT-121 process, greater than 90 percent of the SO, and 99 percent of the particulate
matter in the entering flue gas can be removed in the JBR as a result of the torturous path
the flue gas undergoes during its "scrubbing.” Table 1 shows that less than 0.03 Ibs/MMBtu
particulate emissions are typical of CT-121 systems. When used in new power plants, the
deletion of an ESP or fabric filter will result in substantial capital and operating cost
reductions. Thus, the CT-121 process may provide a cost-effective alternative to
conventional wet FGD systems and serve as an efficient, no-cost, incidental particulate

¢collector,

The demonstration project is being conducted over an 81-month period and project activities
will include environmental monitoring, permitting, design, construction, operation, process

evaluation, and gypsum by-product evaluation. The project is organized into three phases:
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Phase I - Permitting and Preliminary Engineering; Phase II - Detailed Engineering,
Construction, and Start-up; and Phase III - Operation, Testing, and Disposition. Operations
are planned for 27 months beginning in October 1992. The remainder of Phase III activities
will be dedicated to gypsum by-product utilization and gypsum stack groundwater monitoring
studies. The Cooperative Agreement was signed April 2, 1990, and the project completion

is projected to be mid-1997. Total estimated cost of the project is $36 million.

STATUS OF ENGINEERING/CONSTRUCTION ACTIVITIES

With the signing of the Cooperative Agreement in April 1990, engineering activities at
Chiyoda and SCS began in earnest. The process design was finalized and preliminary
engineering completed in 1991. During the preliminary engineering phase, some
modifications were made to the project approach. Originally, a separate duct with a wet fan
downstream of the JBR was planned for testing with high ash loadings. After a thorough
investigation of alternatives by SCS, Georgia Power, and Chiyoda, a decision was made to
eliminate the wet fan and high-ash ductwork. Instead, for approximately 1 year, the ESP
will be deenergized and flue gas containing high amounts of fly ash will be sent to the JBR
through the new FGD fan. This fan has been designed and constructed to withstand the
erosion expected during the high-ash test period. A prescrubber was also originally included
in the preliminary design. After review with Chiyoda, a decision was made to eliminate the
prescrubber from the design at Plant Yates and to deenergize the ESP in a stepwise

manner, with appropriate inspections of the JBR.

The mechanical construction portions of the project were completed in the spring of 1992
but start-up had to be delayed as a result of permitting difficulties with the State of Georgia.
The construction of the waste holding area and the gypsum stack could not continue without
a permit and had to be suspended in September 1991 for 6 months pending state
consideration of the design and operating plan. This caused the gypsum stack-area
construction to miss the region’s opportunistic weather window and construction was not

complete until summer. At that time, the unit was under heavy demand during the
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Southern system’s peak period and start-up was again delayed until an adequate off-line

period could occur in order to complete tie-ins.

Unique to the CT-121 process is its two major FRP vessels which were filament wound
onsite and finished with a great deal of hand lay-up techniques. The inlet spray chamber,
the JBR, the limestone slurry tank, the chimney, and several lesser tanks are all made of
corrosion resistant FRP. The mist eliminator section, however, is a stainless alloy
wallpapered, carbon-steel shell with polyvinyl chloride (PVC) vanes and internals which will
offer a side-by-side comparison of corrosion resistance between plastics and lined carbon
steel. The two major vessels (the JBR and the limestone slurry tank) have been monitored
for inservice acoustical emissions to establish a baseline for lifetime evaluation. Finite
element analysis and photostress laminate studies are also complementing this baseline

effort.

The waste or by-product from the Chiyoda CT-121 process containing the captured flue gas
sulfur is a white crystalline solid; calcium sulfate dihydrate or gypsum, This is a far superior
solid to traditional scrubber products in all its handling aspects. It is also useful as the main
constituent in wallboard, in cement manufacturing, and for selected soil amendment
purposes. At Plant Yates, the gypsum by-product will be stored in a pond that becomes a
pile by using the upstream stacking method as perfected in the phosphate fertilizer industry.
See Photo 2.

TEST PLAN

The operational testing of the CT-121 process at Plant Yates is scheduled for 27 months.
An additional 2-year test period is allocated for gypsum by-product testing, further gypsum
stack evaluation, and groundwater monitoring of the gypsum stack area. Two test periods
are planned during the operational testing. During the first 13 months, the process will be
operated with the ESP fully energized. During the following 14-month period, the ESP will
be deenergized in a stepwise manner until the fly ash concentration reaches a level that

causes performance problems for the JBR (if this occurs) or until the ESP is fully
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deenergized. In each period, evaluation of process performance, gypsum stack and by-

product reuse, and environmental effects will be measured.

Process Evaluation

The process evaluation in the two test periods will focus on the following areas:

. Process chemistry

SO, removal

0 Particulate removal

. Equipment components
. FRP evaluation

* Wet chimney

. Economics

Process engineers will remain on site at Yates for the 2-year demonstration program to
execute the detailed test plans and provide input when changes are necessary. These
engineers will also coordinate the activities of all subcontractors. Daily operations will be

the responsibility of specially trained employees from Georgia Power.

Process Chemistry

Chemical analyses of process liquor and waste streams will be conducted on site to
characterize the performance of the CT-121 process and provide routine checks of process
operation. Any differences in SO, removal or gypsum quality will be cross-checked against
differences observed in the process chemistry. Routine inspections for solids buildup and
scaling will also be compared against the relative supersaturation values calculated from the
chemical analyses. A detailed sampling and analytical plan, and QA/QC plan will be

developed to ensure that high-quality analytical data are collected.
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&2 Removal

During each test period, brief parametric tests are planned to quantify the operating
envelope of the CT-121 process at Plant Yates. The test sequence will involve varying the
pH, pressure drop, and gas flow rate and their relative impact on SO, removal. The results
of these tests will be compared to the correlations developed during the prototype CT-121

evaluations at Gulf Power’s Plant Scholz and the University of Illinois’ Abbott Power Plant.

The majority of the proposed demonstration will be spent collecting and evaluating long-
term performance data as the CT-121 process responds to the normal boiler load swings of
Yates Unit 1. The current SO, compliance determination established by the EPA is based
on 30-day rolling SO, emissions measurements. Consequently, the only realistic way to
completely characterize the SO, removal capabilities of an FGD process is to observe its
performance over an extended period of time. In this manner, the natural relationship of
both controllable and uncontrollable variables can be observed. A sophisticated
statistical/time-series analysis of the data will be used to evaluate the long-term SO,

removal efficiency of the Yates CT-121 process.

SO, removal information will be collected by dry extractive continuous emissions monitoring
(CEM) systems on both the JBR inlet and outlet gases. During the start-up of the
demonstration, the CEM system will be calibrated by an independent subcontractor using
Clean Air Act EPA protocol procedures. After passing these procedures, instrument
technicians will use routine quality control checks to ensure that the CEMs continue to

produce high-quality data.

Particulate Removal

As shown in Table 1, the particulate emissions measured from each of the currently
operating CT-121 processes have been less than the NSPS limit of 0.03 lbs/MMBtu. These
results are generally from plants that have a prescrubber (or low pressure drop precooler)

upstream of the JBR. However, the measurements made around the venturi and JBR at
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the prototype plant at Plant Scholz indicate that the JBR is an excellent particulate

scrubber, even for fine particles.

During the Yates project, the particulate removal efficiency of the JBR will be evaluated
extensively both with the ESP fully energized and with the ESP deenergized or partially
deenergized. The objectives of this evaluation are to: |

. Determine the ability of the CT-121 process to meet performance

specifications as either a primary or secondary particulate control device.

. Determine the relative contributions of fly ash, sulfuric acid mist, and
scrubber slurry carryover to the total particulate emissions from the CT-121
system over a range of operating conditions.

Plans are to collect particulate samples at full and 50-percent load while operating at three

different pressure drops (six different operating conditions) during each test period.

Egquipment Component Evaluatign

SCS plans to track the performance and reliability of individual equipment components and
of the CT-121 process as a whole. EPA has established the following performance indices

by which FGD process operation information is generally reported:

. Awvailability Index - Hours that the FGD system is available for operation
(whether operated or not) divided by hours in the period, expressed as a
percentage.

] Reliability Index - Hours that the FGD system was operated divided by the
hours the FGD system was called upon to operate, expressed as a percentage.

. Operability Index - Hours that the FGD system was operated divided by
boiler operating hours in the period, expressed as a percentage.

. Utilization Index - Hours that the FGD system was operated divided by total
hours in the period, expressed as a percentage.

The hours of operation of the entire process will be tracked via information collected by a

digital data acquisition system. The operating parameters will be calculated regularly. All
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CT-121 processes built to date have had availabilities greater than 90 percent and

reliabilities greater than 98 percent (Table 2).

In addition, the reliability of individual equipment components will also be closely
monitored by SCS. This component reliability record will be maintained in a manner
consistent with that recommended by EPRI.{2] Data will be compiled when an outage of
an FGD component causes (1) a restriction in power generation, (2) an increase in SO,

emissions above the design value, or (3) replacement by an installed spare.

FRP Evaluation

The objectives of the FRP evaluation program at Yates are to:

. Verify that the state of the art in FRP technology today is such that the CT-
121 JBR, ducts, and chimney can be designed and constructed to perform
reliably for the intended service.

° Determine the type and extent of routine maintenance required in future
installations and the degree of unscheduled maintenance that may be
incurred.

The overall approach to the FRP equipment evaluation is to observe and record abrasion,
corrosion, and structural performance. Thus, visual inspections are a key aspect of this
portion of the evaluation. The abrasion/corrosion evaluation will be facilitated by inclusion
of multicolored laminate layers in the JBR interior and by installation of different material
coupons along the interior surface of the JBR. Structural performance and integrity will be
determined through the use of strain gauges, photoelastic laminates, and acoustic emission
momnitoring techniques, which detect any micro- and macro-crack propagation and structural

changes in the material.
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Wet Duct and Chimney Evaluation

The key element of operation without reheat is the design of the mist eliminator, wet duct,
and chimney. While several FGD processes are currently operating without reheat, many
of them have experienced and some still experience problems with localized acidic liguid
deposition from the wet plume after it exits the stack. This can cause local corrosion
problems, normally on power plant property. SCS has included engineering fluid-flow
modeling as a design basis to successfully operate the 100-MW CT-121 process at Yates
without reheat and without liquid fallout. The design included a restriction in flue gas
velocity to 50 ft per second in the FRP duct, chimney, liquid collectors, and drains at
strategic locations to drain accumulated liquid from the system before it can be re-entrained.
Inspection of the ductwork and chimney, and observations of the area around the process
will be used to adjust the design should any rainout occur during initial operation of the

process.

Economic¢ Evaluation

Once the process evaluation is complete, SCS will perform an economic evaluation of the
CT-121 process with the innovative design features that have been successful. This
economic study will be conducted with the detail used in previous process economic studies
reported by EPRI.

Gypsum Stacking

Gypsum produced in the CT-121 JBR, as well as in other forced oxidation FGD processes,
has superior mechanical properties to the calcium sulfite sludge produced by conventional
FGD processes. The mineralogy, geometry, and particle size of FGD by-product gypsum
typically provide settling, dewatering, and structural characteristics that allow easier and
more efficient methods of waste disposal than with calcium sulfite sludge. Because of its
properties, FGD gypsum can use stacking techniques developed by the phosphate fertilizer

industry, which also produces a by-product gypsum.
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The stacking technique involves filling a diked area with gypsum slurry that undergoes rapid,
natural sedimentation of solids. The filled enclosure is then drained and partially excavated
to increase the height of containment dikes, The process of sedimentation, excavation, and
raising the perimeter dikes (collectively called the "upstream method" of construction)
continues on a regular basis during the active life of the stack. Process water is decanted
and continuously returned to the FGD process. Figure 4 shows a conceptual cross section

of planned FGD gypsum and gypsum-ash stacks,

In contrast, calcium sulfite sludge is slippery and unstable. Consequently, it must be ponded
or landfilled (after dewatering and/or mixing with dry fly ash and lime). These methods are
more expensive in terms of required land area (ponding), the need for dewatering
equipment/stabilization agents and the need for earth moving vehicles (landfilling).
Gypsum stacking combines the advantages of competing disposal methodologies -- low
operating cost and equipment requirements of ponding and the smaller space requirements,
lower capital cost, and reduced environmental effects associated with waste disposal. Wet
stacking of by-product gypsum has been practiced by the phosphate fertilizer industry for
more than 25 years. In Florida, more than 20 million tons of phosphogypsum are disposed

of annually using the wet stacking method.

Wet stacking has also been used in the FGD industry on a very limited basis. A prototype
CT-121 gypsum stack was constructed and operated for a 9-month test period at Gulf Power
Company’s Plant Scholz.[3] After the work at Scholz, wet stacking of gypsum - fly ash
mixtures was successfully tested during a Tennessee Valley Authority (TVA) project at the
Widow’s Creek Steam Plant in Stevenson, Alabama.[4] TVA has used wet stacking for

disposal of gypsum and fly ash at Widow’s Creek ever since.

While these earlier projects have shown that FGD gypsum and gypsum-fly ash mixtures can
be stacked, the relatively small size of the demonstrations and their limited visibility have
restricted the direct transfer of operating and construction experience to other full-scale
facilities. Accordingly, specific objectives of the stacking evaluation during the Yates project

are to:
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. Demonstrate the construction and operation of a wet stacking
facility for FGD gypsum and another for FGD gypsum - fly ash
on a relatively large scale in a nationally visible project.

. Determine the field handling, stackability, and trafficability
characteristics of the FGD gypsum and FGD gypsum - fly ash
and develop construction and operation procedures for
implementation on a full-scale facility.

. Evaluate the engineering properties of FGD gypsum and FGD
gypsum - fly ash from laboratory and field testing and
recommend design properties for use in the design of a full-
scale gypsum and gypsum - fly ash facility.

Gypsum By-product Evaluation

In addition to advantages in storage and disposal, by-product gypsum has a significantly large
market potential. Possible uses for FGD gypsum are essentially the same as those available
for natural gypsum -- wallboard, cement, and agriculture. By-product gypsum for the
phosphate industry has also begun to receive attention as a potential highway construction

material, but its quality limits marketability in many situations.

Present raw gypsum consumption in the U.S. is about 25 million tons and almost 30 percent
is imported from Canada and Mexico. Very little of this total is FGD by-product gypsum
although Texas Utilities, Tampa Electric, and other utilities are producing large quantities
of FGD gypsum targeted for wallboard and cement markets, respectively.[S] The 1983
EPRI EGD By-product Disposal Manual states that almost all by-product gypsum in Japan
and (the former) West Germany has been successfully marketed for wallboard and cement
applications.[6] This is due, in part, to limited gypsum resources and available land area for
disposal in these countries. In the U.S,, utilization potential is heavily dependent on local

market conditions.

For the Yates project, SCS will work with wallboard and cement companies to test the
Yates gypsum on a limited scale. Plans are to collect and ship sufficient gypsum to one or

more major wallboard companies for a production run. This test should confirm previous
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test results and evaluate consistency of the gypsum as well as other considerations. A
similar test is also planned for evaluation by a cement company, although neither test plan

has yet been developed in detail.

Most of SCS’ effort in by-product evaluation for reuse will be directed toward agricultural,
which could have an enormous effect on FGD gypsum (and possibly FGD gypsum - fly ash)
use. The Southeast is a productive region in agriculture, but most soils in the region
represent a major limiting factor to increasing productivity and cultivated acreage. Over
many years, soil erosion has removed much of the topsoil, bringing acidic subsoils closer to

plant rooting zones and resulting in shallow rooting and greatly reduced yields.[7]

Several methods have been attempted to reduce the chemical and physical limitations of
these soils, including deep liming and mixing, as well as surface applications of natural
gypsum. Use of gypsum shows great potential, since its soluble nature allows it to be
surface-applied rather than mechanically tilled into the soil.[8] It has been successful in
reducing soil acidity, improving physical properties through clay flocculation and increased
rooting.[9] Researchers at the University of Georgia believe that both perennial and annual

crops may benefit from gypsum addition.

The Yates project includes a research program to evaluate the potential for widespread use
of by-product gypsum on acidic soils and those soils with physical property limitations.
Controlled greenhouse laboratory and field-scale experiments are planned and have the
objective of first identifying principles and problem areas in controlled settings before
beginning large-scale field studies. The field programs will be necessary to demonstrate
real-world effects of applied treatments on the agronomic system. The activities will
continue for several years to evaluate the crucial long-term effects expected. Soil, crop, and
water components of the system will be monitored to evaluate both agronomic and
environmental aspects. The University of Georgia, Department of Agronomy, will serve as

the major subcontractor on all by-product evaluation relating to agricultural utilization.
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Environmental Evaluation

An extensive environmental evaluation is also planned in the Yates project. Many
important environmental aspects have been discussed and will be addressed as part of the
process evaluation. (See Photo 3.) These include SO, and particulate removal efficiency
as a function of process variables and the long-term ability of the process to meet its design

expectations.

In addition, the groundwater in the gypsum-stack area will be monitored through routine
sampling of a seven-well network. Sampling and analysis of these wells is currently being
conducted to provide background data for future comparison once the gypsum stack is built
and in operation. A survey of the plant life in the vicinity of the plant was conducted before
and will also be conducted during CT-121 process operation to better measure the effect of
liquid discharge from the chimney should any occur. Environmental reports will be

prepared and submitted to DOE quarterly during operation of the process.

SUMMARY

As compliance requirements become more restrictive and utility ratepayers more
demanding, the CT-121 FGD process shows great promise as an SO, removal technology
that offers reduced costs and limited environmental consequences. The Yates Clean Coal
Project is one of approximately 40 separate efforts in the DOE Clean Coal Program

underway as joint public/private ventures developing coal technologies for tomorrow.
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GLOSSARY

CEM continuous emissions monitoring
DOE Department of Energy

EPA Environmental Protection Agency
EPRI Electric Power Research Institute
ESP electrostatic precipitator

FGD flue gas desulfurization

FRP fiberglass-reinforced plastics
ICCT Innovative Clean Coal Technology
JBR Jet Bubbling Reactor

NSPS New Source Performance Standards
PVC polyvinyl chloride

SCS Southern Company Services, Inc.
TVA Tennessee Valley Authority
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Particulate Loading’

(Ibs/MMBtu}

Plant Fuel ESP Inlet QOutlet
Scholz Coal Off 6.25 -
Scholz Coal Off 6.080 -
Scholz Coal Off - 0.029
Scholz Coal Off - 0.024
Scholz Coal Off 431 0.029
Scholz Coal Off 7.24 0.029
Mitsubishi Oil None 0.15 0.023
Toyama Coal Yes 0.08 0.006
Nippon Asphalt None 0.15 0.029

Mining

*Source for Scholz data: EPRI CS-1579, Volume 1, Table 6-2. Data from units in Japan
are typical values from several tests.

TABLE 1, CT-121 FGD process — particulate emissions.

Mitaswblahl Nlppon Toyama Kyodo Toyams Kyodao Kashima Northwemn Hokuriku Univershy
Pwtrochemical Wining Ca. Electric Power Elsetric Power Joimt Power Co. Electric Power of Hinoly
Yokkatchi Chihg unt 1 Unit 2 Wussfims Abbot
Pwiod:
From May 11, 1982 Nov 10, 1983 July 9. 1984 Avg 23, 1984 Nov 15, 1985 July 24, 1587 Aug 18, 1988
To Dec. 31, 1990 Dec. 11, 1990 Deac. 31, 1990 Dec. 31, 1990 Dec. 31, 1090 Dec. 31, 1990 Sept. 2, 1949
Howrs of operaton 71,043 57,071 48,408 47,512 39,859 11,906 8,603
Hours called ypan W opetels Tie29 57,488 44414 47,512 40202 17,006 3,683
Raliabiiky, % st 03 100.0 100.0 w1 1000 w1
Hours avallable Tace 59,475 53,347 51240 42,905 29,142 83538
Houls In patiod 15,758 82,580 56,704 55,714 “uan 30,150 8,120
Avallabitity, % 5.3 5.0 4.0 w20 933 947 3.4
Réalabiity = Hours the CT-121 process wes operated divided by hours the CT-121 process was called upan (¢ operate

Avaliability = Howrs the CT-121 process was avallable for operation (whether operated or not), divided by the hours in
the perted

TABLE 2. Availabilities and reliabilities for CT-121 processes built to date.

K:\np\doetyateassm deoe
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Photo 1. From the bottom unit at the far right, new duct work extends at an angle to the new fan,
JBR, and FRP chimney.
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Photo 2. Overall view of the three-compartment gypsum disposal area in the foreground with
ash/gypsum compartment to the far left, gypsum compartment in the center, and surge pond to the

right.
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Photo 3. Hypalon plastic liner is being placed in the largest of the two gypsum compartments at Plant
Yates.
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NO\/SO, REMOVAL WITH NO WASTE - THE SNOX PROCESS

. Timothy D. Cassell

Project Engincering and SNOX Site ILeader
ABB Environmental Systems
31 Inverness Center Parkway
Birmingham, Alabama 35243

Robert J. Evans
Project Manager
United States Department of Energy
P.O. Box 10940, CT-10 9202
Pittsburgh, Pennsylvania 15236

Sher M. Durrani
Project Manager
Ohio Edison Company
76 South Main Street
Akron, Ohio 44308

ABSTRACT

A no waste, NO,/SO, removal technology entitled SNOX is currently being demonstrated in
Niles, Ohio at the Ohio Edison Niles Generating Plant. This project is part of the second round
of the Department of Energy Clean Coal Technology Program. The demonstration project will
treat a 35 MWe slipstream from a 108 MWe boiler burning 3.2% sulfur Ohio coal. The
objectives of this four-year project are to demonstrate the SNOX technology using high sulfur
coal, qualify and quantify the consumables and products of the process, and verify the operating

and maintenance costs.

This paper describes the SNOX Process and the Niles Demonstration Project. Initial results from
the eighteen month testing program and a discussion of the market potential of the SNOX Process

are also presented.
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INTRODUCTION

International environmental and pollution abatement industries are rapidly developing technologies
which offer electric utilities cost-effective alternatives that will exceed the requirements of current
and pending environmental legislation. These technologies offer increased pollutant removal
efficiencies, reduced reagent requirements, minimized waste streams, and lower operating and
maintenance costs. One such process is a catalytic de-NO,/de-SO, process being demonstrated

and offered by Asea Brown Boveri/Environmental Systems [ABB/ES] entitled SNOX.

The SNOX Process was developed in Denmark by Haldor Topsoe A/S and will be offered under
license in North America by ABB/ES. The U.S. Department of Energy [DOE], the Ohio Coal
Development Office [OCDO], Ohio Edison, Snamprogetti USA, and ABB/ES are participating
in a demonstration of this advanced technology through the Clean Coal Technology Program, As
part of the National Energy Strategy, the Clean Coal Technology Program (CCT) is designed to
take full advantage of the enormous low cost coal reserves available in the United States by
helping coal reach its full potential as a source of energy for the nation and the international
marketplace. Attainment of this goal depends upon the development of highly efficient,
environmentally sound, competitive coal utilization technologies responsive to diverse energy
markets and varied consumer needs. The CCT Program is an effort jointly funded by government
and industry whereby the most promising of the advanced coal-based technologies are being
moved into the marketplace through demonstration. The CCT Program is being implemented
through a total of five competitive solicitations, four of which have been completed. The SNOX
Demonstration Project which was selected in the second round of CCT solicitations is located at
the Ohio Edison Niles Generating Plant in Niles, Ohio, and is one of three SNOX plants currently
in operation. The additional plants include a 300 MWe unit in Denmark and a 35 MWe unit in

Italy.

The SNOX Process utilizes selective catalytic reduction [SCR] for NO, control and a sulfuric acid
recovery technology for SO, removal. The design features of the SNOX Process are expected to
provide high efficiency NO, and SO, removal, minimal particulate emissions, no liquid or solid

waste production, and increased thermal efficiency of the boiler,
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The key principle of this forty-eight month $31M project is to demonstrate the SNOX Process
using high-sulfur domestic coal. Extensive parametric testing will serve to quantify the SNOX
technology's impact on waste generation, gaseous and particulate emissions, sulfuric acid

production, and thermal energy recovery.

THE SNOX TECHNOLOGY

The SNOX technology consists of five process arcas as follows: particulate collection, NO,
reduction, SO, oxidation, sulfuric acid condensation, and acid conditioning. Heat addition,
transfer, and recovery represent a significant portion of the SNOX system as well. Figure 1
depicts a typical full scale SNOX Process flow diagram integrating each of the above process

arcas.

Flue gas leaving the air preheater [see Figure 1] is treated in a particulate control device and
passed through the cold side of a gas/gas heat exchanger (GGH) raising the flue gas temperature
to above 700°F. A mixture of ammonia angd air is added to the flue gas prior to the SCR where
nitrogen oxides are reduced to free nitrogen and water. The flue gas leaves the SCR and, after
a slight temperature increase, enters the SO, Convertor which oxidizes SO, to sulfur trioxide
(SO,). The SO, laden flue gas is subsequently cooled as it passes through the hot side of the
GGH. Flue gas exists the hot side of the GGH and enters a falling film condenser where the flue
gas is cooled to a temperature below the sulfuric acid dewpoint. Sulfuric acid condenses from the
gas phase on the interior of borosilicate glass tubes and is collected, cooled, diluted, and stored
for shipment. Ambient air used as the cooling medium enters the WSA [Wet Sulfuric Acid]
Condenser at ambient temperatures and exits at 400°F. This heated air may be used for process

support and furnace combustion air after collecting more heat through the air preheater.
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Particulate Collection

The selection of a highly efficient particulate removal system for use in the SNOX Process has
benefits other than low outlet dust emissions. The SNOX Process uses a catalyst in the SO,
Convertor that characteristically traps 90% of all particulate and dust contained in the flue gas.
As the catalyst is fouled with particulate, the SO, Convertor pressure drop increases and a catalyst
screening procedure nst be implemented to reduce the SO, pressure drop to a more satisfactory
level. Higher particulate loads will require more frequent screening of the SO, catalyst, and,

therefore, there is incentive to choose a highly efficient particulate collection device.

The SNOX Demonstration Project in Niles, Ohio utilizes a fabric filter with GoreTex® membrane
bags designed to achieve low dust emission requirements. By using a high efficiency dust
collector combined with the dust retention characteristics of the SO, Convertor, particulate
emissions from the SNOX Process have been demonstrated to be less than .0004 grains/dscf

which is far below any current government regulation or standard.

Although a high efficiency dust collector has benefits related to catalyst screening costs, such a
piece of equipruent is not an essential feature of the SNOX Process. The SNOX plant in Italy,
for instance, uses an electrostatic precipitator (ESP) and will require SO, catalyst screening more
frequently. The SNOX Demonstration Project in Niles, Ohio, using a fabric filter with GoreTex®

bags, is expected to require SO, catalyst cleaning only once each year.

itrogen Oxide Reduction

Exiting the particulate collection device and prior to entering the SCR, the temperature of the flue
gas is increased to over 700°F through the GGH. An ammonia (NH;) and air mixture is
introduced to the flue gas stream through a proprietary nozzle grid arrangement also located
upstream of the SCR. The ammonia injection grid is designed to provide controlled

stoichiometric ratios of NH; to NO, over the cross-section of the SCR inlet ductwork.
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By controlling the ammonia injection, the NO, removal efficiency may be optimized and
ammonia "slip" across the SCR can be minimized. Any excess ammonia, however, will be

oxidized to NO,, water, and N, in the SO, Convertor downstream of the SCR.

Flue gas entering the SCR contacts the Haldor Topsoe DNX monolithic catalyst which has been
demonstrated in commercial plants throughout Europe to remove 97% of the entering NO,. The

reduction of NO follows Equation 1.
NO + NH, + 0.25 0, = N, + 1.5 H,O + 410 kl/mole (389 Btwimole)  [I]
The small amount of NO, present in the flue gas is reduced similarly.

The SNOX Process offers one distinct advantage over other SCR tcchnologies using ammonia.
In an effort to limit ammonia "slip" past the SCR to S ppm or less and thus avoid ammonium
salting in the ductwork, other technologies are limited to molar ratios of NH,/NO, of less than

1.0. The NO, removal of these processes is consequently limited to less than 90%.

In the SNOX Process, however, any ammonia not reacted in the SCR will be oxidized in the SO,
Convertor. Consequently, stoichiometric ratios of 1.00 to 1.05 may be used resulting in higher
NO, removal efficiencies without the negative downstream effects of higher ammonia
concentrations. However, to maximize overall system NG, removal and control ammonia costs

excess ammonia should be minimized.

Sulfur Dioxide Oxidation

Flue gas exiting the SCR is heated slightly and enters the SO, Convertor contacting the Haldor
Topsoe VK 38 sulfuric acid catalyst. The Haldor Topsoe VK 38 catalyst has been used
successfully in the U.S. sulfuric acid industry for the past decade. Over 95% of the entering SO,

is oxidized as shown in Equation 2.

S0, + 0.5 0, = SO, + 98 kJ/mole (93 Btwmole) (2]
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The efficiency of the Haldor Topsoe VK 38 catalyst is not affected by the presence of water
vapor or chlorides in concentrations of 50% and several hundred ppm, respectively. The SO,
catalyst will also oxidize most of the carbon monoxide (CO) and hydrocarbons present in the flue
gas to carbon dioxide (CO,) and water.

As previously discussed, the VK 38 catalyst must be cleaned at certain intervals depending upon
the dust load entering the SO, Convertor. The catalyst cleaning procedure is a simple process
consisting of isolation and removal of the catalyst from a single catalyst bed, screening the
catalyst, and refilling the bed with the screened catalyst. The catalyst cleaning procedure may be
autornated and performed while the SNOX Process is operating. The screening procedure will
remove virtually all flyash and dust from the surface of the pelletized SO, catalyst. Catalyst loss

during screening is estimated at 2-3%.

Sulfuric Acid Condensation

The hydration and condensation of the SO, leaving the SO, Convertor is accomplished in two
steps. As the flue gas passes through the hot side of the GGH cooling approximately 300°F, the

SO, is hydrated to sulfuric acid vapor as shown in Equation 3:

SO, + H,0 = H, SO, (vapor}+100 kJ/mole (95 Btw/ mole) (3]

During the cooling phase, the flue gas temperature is maintained well above the sulfuric acid

dewpoint to avoid acid condensation and corrosion of the ductwork.

Leaving the secondary side of the GGH, the flue gas enters the WSA Condenser. The flue gas
passing through the WSA Condenser is transported and cooled inside borosilicate glass tubes. The
design and operating conditions of the condenser make possible the near complete condensation
and capture of sulfuric acid at concentrations of 94 to 97 wt. % according to the following

equation.

H, SO, (vapor) = H, SO, (liquid) + 69 kJ/mole (65 Btuw/mole} [4]
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The cooled flue gas exits the WSA Condenser at approximately 210°F containing about 5 ppm
of uncollected sulfuric acid mist. The condensed sulfuric acid product is collected in an acid brick
lined trough in the bottom of the WSA Condenser and allowed to flow by gravity into the acid

conditioning and storage system.

Acid Conditioning and Storage Systems

The sulfuric acid product enters the acid conditioning system at a temperature of 400°F. The acid
is then circulated through a thermoplastic lined piping system comprised of a holding tank,
circulation pumps, and a water cooled tube and shell heat exchanger. The function of this
circulation loop is to cool the sulfuric acid to more manageable temperatures [70 - 100°F] and

allow dilution of the acid to the commercially traded concentration of 93.2 wt.%.

Heat Addition, Transfer, and Recovery

Heat addition, transfer, and recovery are particularly important to the SNOX Process. The SNOX
Process requires heat only to trim the flue gas temperature between the SCR and the SO,
Convertor. The most efficient and cost-effective source of this heat in the utility environment is

anticipated to be steam, but natural gas or oil may be effectively utilized.

The GGH in the SNOX Process facilitates the use of the high temperatures in the process area
in an economic manner by transferring sensible heat in the treated flue gas stream to the process
inlet stream. Selection of the type of heat exchanger is important since any leakage of flue gas
across the GGH would bypass the process reactors and result in lower measured system removal
efficiencies. As a result of the high leakage rates associated with rotary heat exchangers in
smaller capacities, a zero leak heat pipe heat exchanger was selected for use at the Niles

Demonstration Project.

The SNOX Process generates recoverable heat in several ways. Each reaction with respect to NO,
and SO, removal is exothermic - NO,/NH, reactions, SO, oxidation, SO, + water to form gaseous
sulfuric acid (H,S0,), and condensation of the sulfuric acid. This heat plus any support heat
added after the SCR is recovered in the WSA Condenser cooling air for use in the utility system

furnace as combustion air. A small percentage of this heat is used for the SNOX plant auxiliary
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equipment such as ammonia evaporation and dilution, burner combustion air, and preheating the

catalyst screening equipment.

NILES DEMONSTRATION PROJECT

The SNOX Demonstration Project is located at the Ohio Edison Niles Generating Plant in Niles,
Ohio. The Niles Generating Plant provides electricity to approximately 9,000 square miles in
Northeastern Ohio and Western Pennsylvania. The SNOX project is one of ten Clean Coal
Technology projects being cosponsored by Ohio Edison. Such experience with promising
environmental technologies will aid Ohio Edison in planning more efficiently and effectively for

pending acid rain legislation.

Ohio is one of the largest coal consuming and producing states with over seven billion tons of
recoverable reserves of high-sulfur coal. Compliance with Clean Air Act requirements has
resulted in significant declines in the demand for Ohio's high-sulfur coal. Consequently, Ohio

has become a strong supporter of the development of clean coal technologies.

The Niles Generating Plant is one of ten power plants in the Ohio Edison system. The main
power plant structure houses two cyclone coal-fired steam electricity generating units with a total
net capacity of 216 MWe. The boiler units burn high sulfur coal with a capacity factor of 67%.
The plant utilizes two ESP's to control particulate emissions, and the flue gases from both units

are dispersed through a single 393 foot chimney.

The SNOX project treats approximately one third of the flue gas stream from the Unit 2 boiler
or 16% of the total flue gas from the plant. The flue gas treated by the SNOX plant is extracted
prior to the Unit 2 ESP. Flue gas treated by the SNOX plant will be returned to the existing Ohio
Edison stack chimney. Figure 2 outlines the process flow diagram for the SNOX plant, and
Figure 3 is a general arrangement of the process equipment relative to the existing Ohio Edison

plant.
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The equipment description numbers shown in Figure 3 correspond to the following equipment:

H - 201 First support burner

A - 202 Baghouse

V - 101 Venturi

K - 203 Booster Fan

R - 206 SCR Reactor

R - 208 SO, Convertor

E - 204 Gas/Gas Heat Exchanger
E - 209 WSA Condenser

K -230 Cooling air fan

S - 270 Air vent stack

H - 210 Third support burner

P - 223A/B  Acid storage tanks
P-224 Acid transfer pump

P -230 Ammonia pump

B - 225 Ammonia storage tank
X - 280 Catalyst screening system

The execution of the SNOX Demonstration Project is divided into three phases spanning forty-

eight months. These phases are identified as follows:

Phase I: Design and Permitting

Phase II A: Long Lead Procurement

Phase Il B:  Construction and Start-Up

Phase I1I: Operation, Data Collection, Reporting and Disposition

Phase I of this project, Design and Permitting, may be further divided into basic engineering,
detailed engineering, and permitting. Basic engineering was completed in July of 1990, followed
by the completion of detailed engineering near the end of 1990. All environmental permits

applicable to the project have been obtained from the Chio EPA.

Phase IT was comprised of the procurement of long lead-time items such as the baghouse, high
temperature steel, gas/gas heat exchanger, and WSA Condenser. These items were purchased at
the beginning of detailed engineering and arrived at the SNOX plant for installation between

February and May of 1991,
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Site preparation and installation of foundations began in November of 1990 and construction was
completed in November of 1991, The project is currently in Phase 111 of the program - Testing -

which will span approximately eightcen months.

OBJECTIVES AND TEST PROGRAM
The primary goal of the SNOX Demonstration Project is to apply the SNOX technology and
evaluate its performance in a North American high-sulfur coal-fired commercial application. The

three key objectives are as follows:

(A). Demonstrate NO, and SO, removals of 90 and 95%, respectively.

(B). Demonstrate the commercial quality of the product sulfuric acid.

(C). Perform an economical and technical characterization of the
technology.

The following secondary objectives are necessary to establish a foundation for the technical and
economic evaluation of a commercial application of the SNOX technology.

(A). Execute parametric test batteries on key pieces of equipment
e Fabric filter

SCR system

SO, Convertor

WSA Condenser

Gas/Gas Heat Exchanger

Catalyst screening unit

(B). Quantify process consumptions
e Power

Natural gas

Catalysts

Cooling water

Potable water

Ammonia

(C). Quantify process productions
e Sulfuric acid
e Heat
(D). Quantify personnel requirements

(E). Evaluate all materials of construction
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An intensive parametric test program involving continuous process monitoring and manual testing
of process components has been developed for an eighteen month program. Figure 4 displays the
expected schedule for the test program. Unless explicitly defined and approved by the project
participants, all test procedures will conform to industry standards such as those by the EPA,

ASTM, EPRI, APHA, AWWA, and WPCF.

After initial start-up, a series of baseline tests designed to identify the characteristics of the flue
gas slipstream being supplied to the SNOX system were completed. During the period of
baseline testing, manual calibration and verification of several process instruments such as the
venturi flow monitor, the acid mist analyzer, pressure and temperature monitors, and tank level

indicators were also completed.

Having completed the pretesting and calibration phase, Activities 3 through 5f, as shown in Table
I, are being executed to identify the operational limits of the SNOX plant. Job numbers 11, 23,
and 31 in Figure 4 represent scheduled two-week outages that will allow a complete evaluation

and documentation of equipment and material conditions in the system.

Beginning in February of 1993, the SNOX plant will be operated continuously at optimum
conditions for a two-month period. The optimized process conditions for this operating period will
be determined by the individual component tests currently underway. This test run is designed

to reflect the SNOX Process’ maximum capabilities for this utility installation.

TEST RESULTS

The results presented below were compiled after two months of operation of the SNOX plant and
are part of the parametric testing program previously discussed. Each of the five key process
areas associated With the SNOX technology have been evaluated in the early stages of the test
program. The results presented below are to be considered preliminary. The SNOX unit has
currently undergone little process tuning, and as more information is generated from the test

program the data presented below is expected to improve.
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SNGX DEMONSTRAYION PROJECT
AVERAGE TEST RESULTS

System Load 5680 1b/min
Intet NO, 616 ppm
Inlet SO 2056 ppm
Qutlet Nf), 35 ppm
Outlet SO, 88 ppm
H,S0, Produced 28 tons/day

Table 2

Selective Catalytic Reactor

The test results in Table 2 indicate a NO, removal efficiency of 94%. The flue gas flow and NO,
distribution in the ductwork upstream of the SCR have been evaluated, and the ammonia injection
system will be trimmed to allow a proper distribution of ammonia into the system. The trimming

of the ammonia grid is expected to increase the system NO, removal efficiency to above 95%.

SQ, Convertor

As shown in Table 2, the SNOX system SO, removal efficiency has been demonstrated to be
96%. During the next phases of the test program, data regarding the temperature and flow
entering the SO, Convertor will be accumulated and allow process adjustments that will enhance

the system SO, removal efficiency.

WSA Condenser

The WSA Condenser is operating at design sulfur recovery and producing a high quality [94
wt.%] sulfuric acid product.

Fabric Filter

Early test results indicate baghouse outlet dust emissions to be within the range of .0003-.0010
grains/dscf. The measured low baghouse particulate levels combined with the dust retention
characteristics of the SO, Convertor are expected to merge and meet the target SNOX system

outlet particulate loading of less than .0004 grains/dscf.
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Process Consumption
Early indications show that the SNOX plant uses approximately 1% of the utilities power
production for complete plant operation. Figures for natural gas, catalysts, cooling water, potable

water, and ammonia were not available for inclusion in this report.

Process Productions

Sulfuric Acid: At full load steady-state operations, the SNOX plant is
producing twenty eight tons of sulfuric acid daily. Each
shipment of product acid is analyzed and typically contains
less than 20 ppm of iron and has a concentration of 94

wt.%. The acid is exceptionally clear.

Heat Recovery: The SNOX plant is currently discharging 340°F air from the
cooling side of the WSA Condenser. This temperature increase
from ambient conditions to 340°F is a result of the recovered heats
of reaction, input from the natural gas burners, and additional
cooling of the flue gas. As the SNOX plant undergoes further
testing, estimates regarding the introduction of this heat into the air
preheater and the subsequent increase in boiler efficiency will be

generated.

Operating Personnel Reguirements

The SNOX plant is operating seven days a week, twenty four hours each day with only one
operator required for each eight hour shift. The plant operator has the ability to remotely
manipulate each piece of process equipment from the distributed control systern located in the

SNOX control room.

In November, 1991, the first full scale SNOX plant was inaugurated by the Danish Minister of
the Environment. The plant, located in Northern Jutland, Denmark, has been in operation for

approximately seven months. The plant has been tested at boiler loads ranging from 25% to
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107% while burning coal with 0.5% to 2.8% sulfur. A portion of the coal being burned in this

facility is mined in Western Pennsylvania and shipped to Denmark.

The NO, and SO, emission reductions are 92% and 95%, respectively, and the sulfur is being
recovered as 93 wt.% sulfuric acid. Therefore, the 300 MWe plant in Denmark is exceeding the
SNOX standards of 90% NO, reduction and 95% SO, reduction.

MARKET POTENTIAL

The advantages of the SNOX technology over other de-NO_/de-SO, technologies are being
evaluated through the operation of the SNOX Demonstration Project and continue to distinguish
the SNOX Process as a superior technology for the coming decade of heightened environmental
concern. The SNOX Demonstration Plant uses no alkali reagent to achieve SO, removal and only
stoichiometric quantities of NH, for large reductions in NO,. Further, the only by-product is a

highly valuable commercial sulfuric acid.

As expected from the operating data of the European SNOX plants, the SNOX plant in Niles,
Ohio will establish new standards for low emissions. A comparison of the SNOX technology with
other flue gas cleaning technologies indicates that the SNOX Process is capable of lower
emissions than comparable processes.” While other technologies may improve upon emissions,
the SNOX Process with a combined NO, and SO, catalyst system is expected to outperform
competitors. Also, the SNOX Process will oxidize hydrocarbons and decrease CO, as a resuit

of increased boiler efficiency in a large integrated design.

Waste Products

Because the SNOX Process produces saleable sulfuric acid and the flue gas NO, is converted to
nitrogen and water, no waste materials are generated from the removal of NO, and SO,. Flyash
is still produced as a waste product, but in no larger quantities than other technologies. Also, a
small amount of catalyst and flyash must be sent to a catalyst processor as a result of the catalyst
screening procedure discussed earlier in this paper, and at the end of the useful life of both the
NO, and the SO, catalyst, the catalyst must also be returned to a catalyst processor. The SO,

catalyst is estimated to have a life of 10 years, while the NO, catalyst is expected to last between
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3 and 6 years.> This estimated information will be verified through the operation of the SNOX

plant in Niles, Ohio.

Sulfuric Acid

The U. S. Bureau of Mines reports that sulfuric acid consumption has been regarded as one of
the best indexes of a nation's industrial development, and in 1990, the United States remained the
world's largest producer and consumer of sulfuric acid. In 1990, the total sulfuric acid
consumption in the U. S. was 38.54 million tons. The leading industrial end users of sulfuric

acid are shown in Table 3.

END USE OF SULFURIC ACID
(Z of total consumption)

Phosphate Fertilizers 62%

Copper ores
Petroleum 32

Table 3

Agriculture is the largest end-user of sulfuric acid accounting for approximately 69% of the
United States consumption, Within the agricultural industry, 90% of the sulfuric acid demand
was used in the manufacture of phosphate fertilizers. The phosphate fertilizer industry is
expected to grow substantially through 1995 which will allow continued growth in the domestic
sulfuric acid industry. Recent increases in fertilizer exports and in the development of sulfuric
acid in mineral leaching operations, particularly copper, have helped to stabilize the sulfuric acid

market and encourage suppliers of the continued need for sulfuric acid,

As environmental concerns become more visible, the by-product sulfuric acid producing
technologies such as SNOX could produce an estimated 30 million tons of sulfuric acid annually.
The U.S. Bureau of Mines estimates that 85% of the world's sulfur production will eventually
come from environmentally regulated sources. Therefore, technologies such as SNOX are

predicted to be an extremely attractive alternative to traditional technologies.
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SUMMARY

The SNOX technology is a totally catalytic process designed to remove NO, and SO, from utility
flue gases. No reagents are employed in the removal of SO, and a small amount of ammonia
is necessary for the selective catalytic reduction of NO,. Early test results from the SNOX plant
in Niles, Ohio are encouraging, and as the plant is brought to full design conditions, the SNOX

unit is expected to produce results above those targeted.

The SNOX Process has several distinct advantages over other de-NO,/de-SO, processes and
conventional environmental technologies which will rate the SNOX Process as a desirable and
superior technology in the coming decade.’ These advantages, which are being commercially
demonstrated in the SNOX project in Niles, Ohio include:

High NO, removal with low risk of ammonium salt scaling
High SO, removal with no alkali reagents

Low particulate emissions

Only by-product is commercial grade sulfuric acid
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INTRODUCTION

The S0,-NO,-Rox Box (SNRB) is an advanced air pollution control process
patented by Babcock & Wilcox that significantly reduces the emissions of
the oxides of sulfur (S0,) and nitrogen (NO,) as well as particulate
matter (designated as Rox) from coal-fired beoilers. The process employs
a high-temperature, pulse-jet baghouse (Box) and combines S0, removal
through injection of an alkali sorbent (such as hydrated lime or sodium
bicarbonate}, NO, reduction through ammonia injection and selective
catalytic reduction (SCR) and particulate collection. The advantages of
the process include: multiple pollutant emission control, compact
inteqration of control technologies into a single unit; dry sorbent and
by-product handling; improved SCR catalyst life due to lowered SO, and
particulate levels; and the potential for improved boiler efficiency.

Preliminary results from initial operaticn of the 5-MWe demonstration
facility indicate emission reduction performance in excess cf the
initial project goals of 70% SO, removal, 90% NO, reduction and NSPS
particulate emissions compliance. To date, 50, emission reductions of up
to 85% have been observed at a Ca/S$S ratio of 2 and baghouse operating
temperature of 850'F. Greater than 9%0% NO, reduction has been obtained
at an NH,/NO, ratio of 0.9. Particulate emissions at the baghouse outlet
have consistently been less than 0.03 1lb/10° Btu.

The initial results and operating experience at the 5-MWe SNRB
demonstration facility have been encouraging. High emission control
efficiencies have been achieved for 8S0,, NO,, and particulates. Plant
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engineering integration, economic evaluation, and market assessment
activity remains to be completed in the current CCT project. The
challenge for the project team now is to move the technology through the
next phase of commercial development to a larger industrial or utility
application.

Future testing will focus on assessment of alternative bag filter
fabrics and optimizaticon of S0, removal performance. These two areas
appear to present the greatest opportunity for reducing operating and
capital costs associated with the SNRB technolegy.

The current project was selected for award in the second round of the
DOE Clean Ccal Technology (CCT) Program. The overall objective of the
project is to demonstrate the commercial feasibility of the SHRB
technology through operation of a 5-MWe slipstream pilot employing
commercial-scale filter bag/catalyst assemblies. Integrated
optimization of S0, and NO, removal efficiencies will be achieved by
control of the baghouse operating conditions, sorbent and ammonia
injection rates, and SO, sorbent selection. Operating experience at the
demonstration will identify potential process design and control
limitationg which may require modification for the next, larger scale
installation. Although the dry byproduct solids will be disposed of in
a solid waste landfill, potential uses for the byproduct will be
explored for further developmental activity.

The SNRE Flue Gas (Cleanup Demonstration Project 1s co-sponsored by the
U.S. Department of Energy (DOE), the Ohio Coal Development Office
(OCDO), and the Electric Pawer Research Institute (EPRI). Babcock &
Wilcox (B&W) is the SNRB technology developer and prime contractor for
the demonstration procject. Ohio Edison is hosting the slipstream
demonstration at the R. E. Burger plant near Shadyside, Ohio. The City
of Celorado Springs Utilities is hosting a filter fabric durability
pilot test at the Martin Drake Plant in Colorado Springs, Cclorado.
High-temperature filter bags for the demonstration were preovided at
reduced cost by 3M. Qwens Corning Fiberglass also provided filter bags
at reduced cost for the alternative fabric durability test. The NO,
reduction catalyst was provided with cost sharing by Norton Chemical
Process Products.

Following selection of the proposal in the second round of the Clean
Coal Technology Program, the DOE/B&W Cooperative Agreement was signed in
December, 198%. The OCDQO Grant Agreement was completed in April, 19%90.
The SNRB CCT program consists of three phases.

Phase 1 included design and permitting activities for the demonstration
facility. Pilot testing of two bag/catalyst arrangements was completed
in Phase 1 at B&W's Alliance Research Center to finalize the
demonstration facility design. A second pilot test series to evaluate
the durability of three high-temperature bag fabrics was added to the
base project in 199%:. This pilot pulse-jet baghouse in Colorado Springs
has been operated for about 3,000 hours, and operation is expected to
continue through the end of 1992,

Phase 2 involved procurement of equipment and materials for the
demonstration, construction, and start-up of the facility. This Phase
ended with completion of start-up activity in May, 1992.

Operation and performance testing of the demonstration facility will be
completed in Phase 3 of the project. This phase includes a detailed
analysis of the process economics, as well as an engineering analysis to
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define the modifications required to retrofit SNRB into an existing
generating plant. Removal of the slipstream demonstration equipment and
restoration of the Ohio Edison site is also planned for Phase 3. This
phase is currently scheduled to be completed in April, 1993.

The current contract budget is $11.9% million. The original project work
scope has been amended teo incorporate evaluation of alternative bag
fabric durability in a pilot baghouse. Additional work sccpe has been
propeosed to include testing of an alternative bag material in the 5-MWe
demonstration facility and for evaluation of air toxics emission contreol
efficiency of the SNRB process relative to the base plant ESP. The
additional testing in the demonstration facility will be completed in
Phase 3.

TECHNOLOGY DESCRIPTION

B&W has developed and patented the combined emisslions contrel process
known as the S0,-NO,-Rox Box™ (SNRB). Briefly, this process consists of
the injection of ammonia and either a calcjium- or sodium-based sorbent
upstream of a high-temperature baghouse which contains woven, high-
temperature bags and a selective catalytic reduction (SCR) catalyst (see
Figure 1). The SNRB process has the potential for simultaneously
achieving 70-90% SO, removal, 90% NO, removal, and 99.9+% particulate
collection from high sulfur coal flue gas. This level of particulate
collection efficiency reflects compliance with the New Source
Performance Standard {NSPS) of 0.03 lb particulates/ million Btu for
coal-fired boilers. Integration of the three removal processes into one
unit results in lower capital and operating costs, operating simplicity,
and lower space requirements when compared to a combination of separate
flue gas desulfurization, selective catalytic reduction, and particulate
removal systems.
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Figure 1 - SNRB Process
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The selection of either a calcium- or sodium-based sorbent impacts the
optimum operating temperature and, therefore, the arrangement of the
system relative to the boiler. A schematic representation of one
proposed commercial arrangement of the SNRB process is depicted in
Figure 2. In this wversion, which features a calcium-based sorbent,
commercial hydrated lime is injected into the convection pass of a
boiler upstream of the economizer, where the flue gas temperature may
range from 900" to 1100°F. Simultanecus dehydration and sulfation of the
sorbent begins immediately upon injection and continues as the flue gas
passes through the economizer and fluework and into the baghouse. The
reaction products (CaSQ,, CaS0O,, and CaC0O,) along with the fly ash and
unreacted sorbent are collected as a filter cake on the high-temperature
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Figure 2 - Potential Calcium-Based SNRB Process Schematic

fabric filters in the baghouse. The baghouse operates in the
temperature range of 700" - 850°F and, therefore, employs high-
temperature ceramic or fiberglass bags. 80, reacts with the hydrated
lime within a second of sorbent injection into the fluework and
continues to react as the flue gas passes through the filter cake
collected on the bags. By the time the flue gas reaches the baghouse,
approximately 40 to 60% of the SO, may already be removed. Additional
reaction occurs in the baghouse, yielding an overall S0, removal of at
least 70%. The baghouse and fluework S0, removal split is dependent to
some extent on the relative sorbent injection and baghouse operating
temperatures.

For western U.8. utility applications, a sodium-based sorbent such as
sodium bicarbonate (NaHCO,) may be preferred due to its economic
availability. NaHCO, sorbent requires injection downstream of the
economizer, at a lower temperature range of 450" - 750'F. At higher
temperatures, sintering of the NaHCO, may occur, thereby reducing the
available surface area for reaction. The primary reaction products for
NaHCO, injection include sodium sulfite (Na,S0,} and sulfate (Na,S0,}.
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The SCR catalyst may require reformulation for the sodium-based system
in order to achieve optimal NO, reduction at these lower temperatures,

The SNRB process utilizes selective catalytic reduction (SCR) for high
efficiency, post-combustion NO, control. In the presence of the SCR
catalyst, NO, reacts with NH, to form N, and H,0. A vanadium-free variant
of the commercial NC-300" series zeolite catalyst from Norton Chemical
Process Products is being used in the SNRB CCT project. The SNRB
process has been designed to aveid common operating problems encountered
in the application of vanadium-based SCR catalysts to power plant
emissions. These operating problems include: (1) catalyst deactivation
by adsorpticon of heavy metals in fly ash and sulfur species in the flue
gas; (2) ammonium bisulfate formation and subsequent deposition on steel
surfaces; (3) catalytic oxidation of S0, to $0; and increased equipment
corrosion due to the 50, generation; and (4) erosion or pluggage of the
catalyst by fly ash (2}. These problems have been avoided in the SNRB
process through the use of a non-toxic, zeolitic SCR catalyst and
incorporation of the catalyst into each bag filter assembly, downstream
of both 80, and particulate removal. By the time the flue gas reaches
the catalyst, the S0, concentrations have been reduced by more than 70%,
80, concentrations have been reduced to below detectable levels, and
particulates have been reduced to trace levels. NO, removal upstream of
the combustion air preheater eliminates the need for a flue gas reheat
system to provide the appropriate gas temperature for optimal NO,
reduction.

A pulse-jet baghouse provides for high efficiency particulate removal.
The pulse-jet design permits filtration at the high flue gas volumetric
flow rates associated with high-temperature operation without requiring
a large baghouse plan area.

An additional, potential benefit of SNRB is that the boiler’s combustion
air preheater can be operated at lower flue gas ocutlet temperatures.

The removal of SO, through reaction with the injected alkali sorbent
results in a lower flue gas acid dew point. This allows for added heat
recovery from the flue gas through operation of the combustion air
preheater at lower outlet temperatures without leading to increased
corrosion. This increase in energy recovery could improve boiler
efficiency by 1 to 3%, making the SNRB process one of few S0,/NO, removal
processes that could increase -- rather than decrease -- a power plant’s
net thermal efficiency. The extent to which heat recovery can be
economically improved by upgrading the air preheater will be evaluated
in an engineering study in Phase 3 of the SNRB CCT project.

TECHENOLOGY DEVELOPMENT HISTORY

Development of the SNRB process at B&W actually began in the 1960's with
internally sponsored programs which demonstrated the technical
feasibility of dry sorbent injection for S0, removal at elevated
temperatures upstream of a baghouse. Various means of incorporating NO,
control into a combined process were evaluated in several pilot programs
in the 1970's and 1980's. These pllot tests assessed various NO,
reduction catalysts, integration of the NO, reduction catalyst with the
baghouse, and evaluation of sodium- and calcium- based sorbents for SO,
control. These early pilot tests demonstrated that performance on the
order of 90% S50, and 60% NO, emissions reduction could be achieved with a
sodium-based reagent. However, some work remained in evaluating
techniques for regeneration of the sodium based reagents for
applications in the Eastern United States and improvement of the NO,
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reduction efficiency. Internal reagent regeneration studies were
supplemented by B&W, and OCDO co-sponscred pilot-scale work to
demonstrate SNRB performance with calcium-based SO, sorbents. These
pilot tests served to refine the design for integrating the SCR catalyst
into the baghouse design and evaluate filter bag cleaning in an
integrated system. These pilot tests demonstrated that SO, and NO,
emissicn reductions of up tc 8%% could be simultanecusly achieved with
hydrated lime injection while maintaining low particulate emissions in
an integrated system [1].

Norton evaluated and confirmed the compatibility of the zeolitic SCR
catalyst with the SNRB process through a series of bench-scale reactor
tests. The bench-scale tests emphasized the effects of NH,/NO,
stoichiometry, catalyst temperature and catalyst space velocity on NO,
reduction, and ammonia slip. The NH,/NO, stoichicmetry is defined as the
ratio of the moles of NH, injected to the moles of NO, in the flue gas.
Space velocity refers to the gas flow rate per unit volume of catalyst.
Ammonia slip refers to the amount of unreacted ammonia passing through
the catalyst and exiting in the effluent. The Norton bench-scale
results were used to guide the Phase 1 laboratory pilot testing and were
used for comparison of the NO, removal efficiencies achieved in the
pilot.

The feasibility of increasing calcium-based sorbent utilization through
recycling partially reacted sorbent in the SNRB process was investigated
in a series of bench-scale experiments. The experiments were conducted
at the Advanced Fossil Fuel Research Institute at the University of
Cincinnati. SNRB baghouse solid samples from the pilot testing were
used in the sorbent recycling tests. The bench-scale tests indicated
that simple sorbent recycling would not increase hydrated lime
utilization. Due to the formation of a highly carbonated outer shell,
the sorbent cannot be effectively recycled without thermal treatment.
The effect of injection temperature on the competing carbonation/
sulfation reactions continues to be investigated.

Additional pilot-scale demonstration of commercial sized bag/catalyst
components was completed in Phase 1 of the current CCT demonstration
project. As a technology utilizing a single major component, the high-
temperature baghouse, the temperature compatibility of the S0, and NO,
removal mechanisms is crucial to the success of the SNRB technoloegy.

One of the major objectives of the laboratory pilot test program was the
confirmation of the baghouse/catalyst operating temperature range which
yielded optimum NO, and SO, emission control. The SCR catalyst operating
temperature range that maximized NQO, removal performance, beyond which a
loss in catalytic activity occurs, was established in the laboratory
pilot testing. Likewise, the baghouse operating temperature yielding
optimum S50, removal, beyond which sorbent sintering was a concern, was
determined. Over the catalyst/bag temperature range of 800-850'F,
greater than 70% SO, and 90% NO, reductions were achieved as illustrated
in Figure 3.

These pilot tests also provided information on the effects of residence
time/temperature profiles on SO, removal and air-to-cloth ratio on NO,
and particulate removal efficiencies [2]. The air-to-cloth ratio is
defined as the ratio of the flue gas volumetric flow rate to the filter
fabric surface area in the baghouse. This pilot activity helped
finalize the selection of the catalyst arrangement, sorbent injection
configuration, and filter bag construction for the 5-MWe demonstration
facility.
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Figure 3 ~ Pilot Verification of S0, and NO, Reductiocn Compatibility

The 5-MWe demonstration is an integral step in the commercial
development of the SNREB technology. This intermediate scale
demonstration will provide the required cperating experience with
commercial scale components necessary to proceed to a larger
application.

DEMONSTRATION FACILITY DESCRIPTION

The major compcnents of the 5-MWe SNRB demonstration facility are
illustrated in Figure 4. A 23,000 ACFM flue gas slipstream from Ohio
Edison’s R. E. Burger Plant Boiler No., 8 economizer outlet hopper
provides the flue gas source for the demonstration facility. To elevate
the gas temperature from 650°F to the desired temperature window for
injection of calcium- or sodium-based sorbents, the flue work system is
equipped with a propane-fired burner. This burner will permit
evaluation of sorbent injection temperatures up to 1200°F. The flue gas
is then cooled to the desired baghouse operating temperature as it
passes through an air-air, plate-type heat exchanger. The metal surface
temperatures, gas residence time, and flue gas quench rate of this heat
exchanger were designed tc simulate those encountered in boiler
economizer sections.

An ammonia/air mixture supplied by a packaged ammconia injection system
is injected upstream of the hot catalytic baghouse. The sorbent feed
system consists of a storage silo for the fresh sorbent, a weigh-type
feeder to accurately meter the sorbent feed rate, and a pneumatic
transport system to convey the sorbent to one of five injection
locations in the flue work. Four of the injection ports are located in
the high-temperature, refractory-lined flue work bhetween the propane-
fired burner and the inlet gas cooler, while the fifth is located
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between the inlet gas cooler and the baghouse. These multiple injection
locations will provide the necessary flexibility to evaluate a wide
range of residence time/temperature profiles during the testing program.

The baghouse has been designed for operating gas temperatures up to
900°F. The baghouse consists of six modules arranged in a three-by-two
array. The hot flue gas entering the baghouse is distributed to the
bottom of each of the six modules through a tapered inlet manifold.
Manually operated butterfly dampers are used for module inlet isolation.
The clean gas exits each module at the top and is collected in a tapered
clean gas manifold. Pneumatically operated poppet valves are utilized
for module outlet isolation. A bypass manifold, containing a
pneumatically operated poppet valve, connects the inlet and outlet gas
manifolds to automatically protect the baghouse in the event of a system
upset.

The pulse-jet cleaning system is designed to permit either on-line or
off-line cleaning in either manual or automatic operating modes. For
additional flexibility during testing, in the automatic mode the fully
adjustable cleaning cycle may be initiated on either a baghouse pressure
differential, timed, or combined pressure differential/timed basis.
Based on the results of the pilot-scale test discussed earlier, adequate
cleaning sheould result with the use of 30-40 psig cleaning air pressure.
However, the large 2-1/2 inch diaphragm valves, oversized air manifolds,
and the availability of up to 100 psig cleaning air provide flexibility
for significant variation of the cleaning air pulse.

The baghouse was sized for a nominal air-to-cloth ratio of 4:1 at a gas
flow of 30,000 ACFM at a gas temperature of 800'F. Each of the six
modules contains 42 full-size, integrated bag/catalyst assemblies. The
Nextel™ style 312 woven, ceramic filter bags are similar to those used
in the pilot-scale baghouse (20 feet long by 6-1/8 inches in diameter).
An unpromoted version of Norton’'s commercial NC-300™ type SCR catalyst
has been integrated into each of the 252 filter elements contained in
the baghouse.

The baghouse modules are fitted with removable clean gas plenums to

facilitate installation, inspecticn, and replacement of the bag/catalyst
assemblies. A weatherproof enclosure covers the entire roof area of the
baghouse system, and is equipped with a hoist/monorail system to assist
in handling of the module clean air plenums and bag/catalyst assemblies.

The baghouse is equipped with a pneumatic ash removal system that
transports the fly ash and SNRB process by-products to a storage siloc.
The ash storage silo is equipped for truck loading operation. The fly
ash will be disposed cof off-site at an approved solid waste landfill.

ARfter exiting the baghouse, the flue gas is cooled further as it passes
through a second air-air, plate-type heat exchanger. This outlet gas
cooler has been designed to permit evaluation of the corrosive effects
of S0, concentrations in the exit flue gas stream at temperatures as low
as 170°F. This feature will permit evaluation of the potential for
improved boiler efficiency through additional heat recovery at the
combustion air preheater. Finally, the flue gas passes through the
system booster fan before it is introduced into the existing Boiler No.
8 electrostatic precipitator inlet flue.
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PROJECT SCHEDULE

Key milestones in performance of the project are summarized in Table 1.

TABLE 1
Project Schedule Milestones
Cooperative Agreement Signed December, 1989
Piloct Testing Completed February, 19%1
Demonstration Construction April - October, 1991
Filter Fabric Test Start-up November, 1991
Demonstration Start-up February - May, 1992
Technology Transfer Open House August, 1992
Scheduled Field Test Completion November, 1992
Scheduled Project Completion April, 1993

The start of the Phase 3 test program was delayed approximately three
months from the original project schedule as a result of mechanical
difficulties encountered in this first-of-a-kind demonstration.
Currently, approximately half of the planned Phase 3 test program has
been completed. The remaining testing is expected to be completed this
fall. Additional, ongoing Phase 3 activity includes environmental
assessment reporting, engineering and econcomic analyses, and planning
for restoration of the Ohlo Edison site. The preoject remains on
schedule for completion in April, 1993. Completion of the project may
be delayed to incorporate a proposed air toxics emissions control test
program.

FIELD DEMONSTRATION TEST OBJECTIVES

The primary goal of the SNRB field demonstration tests is to demonstrate
high s0,, NO,, and particulate removal efficiencies during extended
operation on fully-integrated, commercial-size compenents. The test
program has been designed to determine the influence of key coperating
parameters on S0,, NO,, and particulate removal. Alternative hydrated
lime sorbents, in addition to commercial hydrated lime, will be
evaluated to determine the influence of sorbent selection on S0, removal
optimization. Verification testing of SNRB process performance by an
independent test agency for guality assurance will be included.

Planned operation of the demonstration facility is designed to address
the following objectives:

. Meet emission reducticon goals.
Optimize S0, and NO, reduction efficiency.

. Develop system performance curves over a range of operating
conditions.

. Evaluate commercial size catalyst/filter bag arrangement.

. Characterize alternative filter fabric performance and physical

characteristics.
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Characterize the observed baghouse pressure drop.
Examine catalyst deactivation over time.

Evaluate the process contrel system approach.
Characterize the solid by-product stream.

INITIAL DEMONSTRATION TEST RESULTS

Test activity was initiated at the SNRB demonstration facility in mid-
May, 1992. The facility has been operated two to three weeks per month
on a 24 hour/day, 5 day/week basis. The preliminary results presented
here reflect the optimum overall performance to date in the first few
months of operation of the facility. A significant amount of data
analysis and performance optimization remains to be completed in the
ongoing test program.

As of the end of July, approximately 700 hours of operation at baghouse
temperatures of 750 to 850°'F had been attained. Commercial grade
hydrated lime supplied by Dravo Black River lime plant has been used as
the 80, sorbent in all of the testing to date. Lime injection
temperatures of 800 te 1100°F have been evaluated. The baghouse has been
operated over a 700 to 900'F temperature range at air-to-cloth ratios of
3 to 4 with most of the testing being completed at an air-to-cloth ratio
of 4.

S0, Removal

The overall S0, removal performance is affected by sorbent
characteristics and operating conditions, such as injection temperature,
residence time, baghouse operating temperature, and Ca/S stoichiometry.
Parametric evaluation of these key parameters is being conducted at the
demonstration facility. Most of the testing to date has been performed
at a Ca/S stoichiometry of 2. The system inlet 50, concentration has
ranged from 2000 toc 3000 ppm. '

For a fixed reagent stoichiometry, testing performed to date suggests
the sorbent injection and baghouse operating temperatures have the most
influence on SO, removal. These temperature effects are illustrated in
Figure 5 for operation at a Ca/S stoichiometry of approximately 2.
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Figure 5 - Effect of Operating Temperature on S50, Removal
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Higher removal efficiencies are observed when the hydrated lime is
injected near the baghouse inlet at approximately 900°F rather than at
1000 to 1100°F further upstream of the baghouse. Bench-scale testing
suggests this observation may reflect operation at lower temperature
conditions which are less favorable for the Ca{OH), carbonation reaction
resulting in a higher availability of Ca(OH), for reaction with 80, in
the baghouse. Optimization of the sorbent injection location and
temperature will continue as the testing proceeds.

NO, Reduction

NO, reduction performance is primarily influenced by the NH,/NO,
stoichiometry and the catalyst temperature. Minimizing the NH,/NO, ratio
while meeting the required NO, reduction helps tc reduce operating costs
and minimize the concentration of ammonia in the exiting flue gas which
is referred to as ammonia slip. Measurements over a 0.65 to 0.%0 NH,/NG,
operating range indicate the ammonia slip has been less than 10 ppm with
a majority of the measurements below 5 ppm.

The effect of catalyst (baghouse operating) temperature on NO, removal is
illustrated in Figure 5. The data shown in Figure 6 was obtained at an
NH,/NO, stoichiometry of 0.8.

100

95

n 90% Project Goal

Baghouse NOx Removal {%]

75

70 | i | |
650 700 750 800 850 900
Average Catalyst Temperature [deg F]

Figure 6 - Effect of Catalyst Temperature on NO, Removal

These NO, remcval measurements reflect total NO, reducticn from the inlet
to the ocutlet of the baghouse. This includes the baseline NO, reduction
across the baghouse observed at temperature, but without ammonia
injection. Some NO, reduction is believed to result from reaction with
the fly ash on the filter bags and the steel surfaces of the filter bag
retainers and catalyst holders at the elevated baghouse cperating
temperatures.
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Testing continues at the demonstration facility to further quantify
baseline NO, reduction with and without ammonia injection and with the
catalyst removed. The ammonia flow rate measurement will also be
re-examined to verify the NH,/NO, stoichiometry calculations.

Particulate Collection

SNRB process particulate emissions are influenced by the bag cleaning
technique (on-line vs. off-line), the baghouse pressure drop, cleaning
frequency, and the cleaning air pulse pressure. The air-to-cleoth ratio
and Ca/S stoichiometric ratic may also affect emissions. Operation of
the facility to date has primarily involved on-line bag cleaning with 30
to 40 psig cleaning air pressure. Module cleaning fregquency has
averaged approximately 3 to 4 hours at an air-to-cloth ratio of 4.

Particulate emissions are measured pericdically using an EPA Method 5
sample train. A continuous opacity monitor provides a gualitative
indication of particulate emissions. The system outlet opacity is
consistently less than 5%, although brief spikes above 5% are observed
during bag cleaning. Approximately 20 baghouse cutlet particulate
lcading measurements have been completed to date. The mass lcadings
have ranged from 0.004 to 0.019 lb/million Btu. The average of the mass
loadings measured with hydrated lime injection is 0.012 lb/million Btu.
These measurements include the impact of particulate penetration which
results from on-line bag cleaning. The particulate emissions are well
below the 0.03 lb/million Btu New Source Performance Standard.

MARKET POTENTIAL

The potential commercial applications of SNRB for controlling emissions
from coal-fired boilers include Clean Air Act Phase II compliance
retrofit installations, new coal-fired electric generating capacity, and
industrial applications. In addition tc marketing as a combined S0,
NO,, and particulate emissions control techneclogy, two other marketing
thrusts may be applied -- primarily SO, control or primarily NO, and
particulate emissions control. SNRB is an excellent choice for high
efficiency NO, and particulate emissions control where $0, contrcl may be
of secondary importance.

Approximately 102,000 MWe of existing generating capacity will reguire
new or additional 80, reducticn capability to meet the CAA Phase II
emission limits. For compliance with Phase I, approximately 21% of the
total generating capacity SO, emission reductions will be achieved by wet
scrubbing and 53% through fuel switching or blending to meet the general
base limit of 2.5 1b/10° Btu limit. Current projections suggest a Phase
Il S0, emission control market for advanced clean ccal technologies such
as SNRB of 10,000 to 20,000 MWe. The impact of pending NO, emission
reduction requirements, particularly in ozone non-attainment areas, will
also affect the potential market for SNRB applications. As has been
demonstrated, SNRB is capable of achieving 90% NO, emission reduction.

In addition to pending NO, emission limits, the SNRB retrofit market will
be influenced by factors such as current 50, and NO, emission levels,
unit age and planned service life, combustion technology, contribution
to the utility system’s generating capacity, and the location of the
unit. Near term, potential SNRB retrofit applicaticons are expected to
include units without "low-NO," modifications or FGD systems, units built
after 1960, and units emitting more than 1.1 1b/10° Btu NO,. Also, units
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experiencing particulate emission control problems and reguiring
additional 80, or NO, control would be suitable for SNRB.

Approximately 10,000 to 20,000 MWe of new generating capacity is
anticipated to be installed by the year 2000. Much of this additiocnal
capacity will come from smaller, independent power producers as opposed
to the traditional utility market. A combined, flexible, high
efficiency emission control process such as SNRB would be suitable for
these smaller, multiple fuel operations.

The low space requirements, operating flexibility, and multiple
pellutant centrol features of SNRB make it especially attractive for
industrial applications.

The rate of SNRB participation in the Phase 2 retrofit emission control
market will be accelerated if a suitable next step demonstration can be
completed in the near term. Babcock & Wilcox centinues to search for
potential SNRB first commercial applications in the utility and
industrial markets.

SUMMARY

Preliminary results from the 5-MWe demonstration facility indicate
emission reduction performance in excess of the initial project goals of
70% SO, removal, 90% NO, reduction and NSPS particulate emissions
compliance. To date, S0, emission reductions of up te 85% have been
observed at a Ca/S ratio of 2 and baghouse operating temperature of
850°F. Greater than 90% NO, reduction has been obtained at an NH,/NO,
ratio of 0.9. Particulate emissions at the baghouse outlet have
consistently been less than 0.03 1lb/10° Btu.

To date, the results and operating experience at the 5-MWe SNRB
demonstration facility have been encouraging. High emission control
efficiencies have been achieved for $0,, NO,, and particulates. Plant
engineering integration, econcmic evaluation, and market assessment
activity remains to be completed in the current CCT project. The
challenge for the project team now is to move the technology through the
next phase of commercial development to a larger industrial or utility
application.

Future testing will focus on assessment of alternative bag filter
fabrics and optimization of 50, removal performance. These two areas
appear to present the greatest opportunity for reducing operating and
capital costs associated with the SNRB technology.
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THE NOXSO CLEAN COAL TECHNOLOGY PROJECT:
A 115 MW DEMONSTRATION UNIT

James B. Black
L.G. Neal
John L. Haslbeck
Mark C. Woods
NOXSO Corporation
P.O. Box 469
Library, Pennsylvania 15129

ABSTRACT

The NOXSO Clean Coal Technology Project is a 115 MW demonstration unit to be located
at Ohio Edison’s Niles Plant. The NOXSO process is a dry, post-combustion flue gas
treatment technology which uses a regenerable sorbent to simultaneously adsorb sulfur
dioxide (SO,) and nitrogen oxides (NO,) from the flue gas of a coal-fired utility boiler, In
the process, the SO, is reduced to elemental sulfur and the NO, is reduced to nitrogen and
oxygen. It is predicted that the process can economically remove 90% of the acid rain
precursor gases from the flue gas stream in a retrofit or new facility. The project is co-
funded by the U.S. Department of Energy (DOE) and a consortium of organizations
assembled by NOXSO including NOXSO Corporation, W.R. Grace & Co.-Conn., Ohio
Edison, the Ohio Coal Development Office (OCDO) of the Ohio Department of
Development, the Electric Power Research Institute (EPRI), the Gas Research Institute
(GRI), and the East Ohio Gas Company. The DOE manages the project through the
Pittsburgh Energy Technology Center (PETC). Both the NOXSO Process and its
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application to the Niles Plant are described in this paper. The status of the NOXSO Proof-
of-Concept pilot plant located at Ohio Edison’s Toronto Plant is updated, and its impact on
the Niles Demonstration Plant design is described. Finally, results of the NO, recycle test

programs are discussed.
INTRODUCTION

The NOXSO Process is a dry, post-combustion flue gas treatment technology which uses a
regenerable sorbent to simultaneously adsorb sulfur dioxide (SO,) and nitrogen oxides (NO,)
from the flue gas of a coal-fired utility boiler. In the process, the SO, is reduced to
elemental sulfur and the NO, is reduced to nitrogen and oxygen. It is predicted that the
process can economically remove 90% of the acid rain precursor gases from the flue gas

stream in a retrofit or new facility.

Process development began in 1979 starting with laboratory scale tests and progressing to
pre-pilot scale tests (3/4-MW) and a life cycle test. Each of these test programs [1,2,3] have
provided data necessary for the process design. Tests of the NO, recycle concept which is
inherent to the NOXSO Process have been conducted on small boilers at PETC and the
Babcock & Wilcox (B&W) Research Center in Alliance, Ohio. A 5§ MW Proof-of-Concept
(POC) pilot plant at Ohio Edison’s Toronto Plant in Toronto, Ohio is currently operating.
The 115 MW full-scale demonstration plant to be built at Ohio Edison’s Niles Plant near

Warren, Ohio is currently being designed.

The 115 MW Demonstration Project will be cost shared between the Department of Energy
through the third round of the Clean Coal Technology program by a cooperative agreement
between DOE and NOXSO. The cooperative agreement is cﬁrrently being assigned
(novated) to NOXSO by MK-Ferguson and will be formally executed shortly. The team
assembled by NOXSO to fund and execute the project is shown in Figure 1. DOE will
provide 50% of the funds necessary to design, build and operate the plant while the
remaining 50% will be provided by NOXSO, Grace, Ohio Edison, OCDO, EPRI, GRI and
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the East Ohio Gas Company. DOE will manage the demonstration project through the
Pittsburgh Energy Technology Center (PETC).

Project execution will be conducted by NOXSO, Grace, Ohio Edison and MK-Ferguson,
with specific responsibilities as indicated in Figure 1. In this paper, we describe the NOXSO
Process as it will be implemented at Ohio Edison’s Niles Plant and the current schedule for
design, construction and operation of the 115 MW facility. We also describe the test
programs being conducted at the POC pilot plant that will provide the final design and
scale-up data necessary for the Niles Plant. Also, NO, recycle data obtained during the pre-
pilot scale and the B&W NO, recycle tests are described.

HOST SITE DESCRIPTION

The Niles Plant is located on the Mahoning River in northeastern Ohio and is shown in
Figure 2. Tt has a net demonstrated power production capability of 246 MW. Two coal-
fired units produce 108 MW net each (115 MW gross each) and 30 net MW is obtained
from a combustion turbine which is used for peaking purposes. At full load, the plant fires
97 tons of bituminous coal per hour. The average annual coal quality analysis for 1991 is
shown in Table 1. Of all the coal received at the Niles Plant, 60 percent is typically Ohio

coal and 40 percent is non-Ohio (western Pennsylvania).

Both process and cooling water are drawn from the Mahoning River at a rate of 140,550,000
gallons per day. Ample water supply is available for the NOXSQO Process requirements
which amount to approximately 100,000 gallons per day. NOXSO net electricity
requirements will be provided by the Niles plant and are estimated to be about 3.4% (or
3.9 MW) of the gross power output of Unit #1.

NOXSO PROCESS DESCRIPTION

The NOXSO demonstration plant will be retrofitted to Niles Unit #1, a crushed coal-fired
cyclone boiler with a rating of 115 MW (gross) and 108 MW (net). The tie-in point will be
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the flue gas ductwork between the existing electrostatic precipitator (ESP) and the plant
chimney. The NOXSO Process can operate either upstream or downstream of the
particulate collection device; however, the current tie-in point was chosen to minimize the
effect on ESP performance. The demonstration plant will occupy an area approximately 280
feet by 150 feet. A description of the process technology is given below and a process flow

diagram is shown in Figure 3.

Flue gas from downstream of the Unit #1 ESP will be ducted to two flue gas booster fans.
(Where multiple equipment is used, only one is shown in Figure 2 for simplicity.)
Downstream of the booster fans, the flue gas is cooled by vaporizing a stream of water
sprayed directly into the ductwork in order to maintain the adsorber inlet temperature at
300°F. After being cooled, the flue gas is passed through two parallel, two-stage, fluidized
bed adsorbers where SO, and NO, are simultaneously removed using a high surface area

v-alumina sorbent impregnated with an alkali material. Tail gas from the sulfur plant is
injected between the two adsorber stages to increase the ratio of SO,:NO, and consequently

increase NO, removal efficiency in the second (upper) bed. The cleaned flue gas passes
through a cyclone separator and is returned to the plant ductwork and exits through the

chimney. The cyclone returns entrained sorbent back to the adsorber.

Sorbent is removed from the adsorbers and transported by one of four dense-phase
pneumatic conveyors to one of two disengaging vessels before it enters the sorbent heater.
Fresh make-up sorbent is added downstream of the adsorbers so that it is calcined in the
sorbent heater before making its first pass through the adsorbers. The sorbent heater is a
variable area five-stage fluidized bed where a hot air stream is used to raise the sorbent
temperature to 1150°F. During the heating process, NO, and loosely bound SO, are
desorbed and transported away in the heating gas (NO, recycle) stream. This hot air stream
is used to heat a slip stream of the power plant’s main condensate before being injected into
the combustion air system upstream of the combustion air preheater. The NO, recycle
stream provides approximately 30% of the required combustion air, Upon entering the
boiler, a portion of the recycled NO, is converted to nitrogen (N,) and either carbon dioxide

(CO,) or water (H,O) by reaction with free radicals in the reducing atmosphere of the
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combustion chamber. NO, recycle siudies were performed during a previous NOXSO test
program {a 3/4 MW pre-pilot scale test). More recently, NO, recycle studies were
conducted using a scaled model cyclone boiler. These tests are discussed in more detail

below.

Once the sorbent reaches a regeneration temperature of 1150°F, it is transported by means
of two J-valves to a moving bed regenerator. In the regenerator, sorbent is contacted with
natural gas in a countercurrent manner. The natural gas reduces sulfur compounds on the
sorbent (mainly sodium sulfate} to primarily SO, and hydrogen sulfide (H,S) with some
carbonyl sulfide (COS) also formed. Approximately 20% of the sodium sulfate (Na,SO,)
is reduced to sodium sulfide (Na,S) which is subsequently hydrolyzed in a moving bed steam
treatment reactor which follows the regenerator. A concentrated stream of H,S is obtained
from the reaction of steam with Na,S. The off-gases from the regenerator and steam treater
are combined and sent to a sulfur plant which produces elemental sulfur. The tail gas
stream from the sulfur plant is passed through an incinerator to convert all remaining sulfur
compounds to SO,, cooled to about 600°F, and recycled to the flue gas between adsorber

stages.

From the steam treatment vessel, the sorbent is transported by means of two J-valves to the
sorbent cooler. The cooler is a five-stage variable area fluidized bed using ambient air to
cool the sorbent. The warm air exiting the cooler is further heated by a natural gas fired
in-duct heater before being used to heat the sorbent in the fluidized bed sorbent heater.
The sorbent temperature is reduced in the sorbent cooler to the adsorber temperature of
300°F. Sorbent from the sorbent cooler is transported by means of two J-valves to two
surge tanks, one located above each adsorber. The surge tank is used as a source and sink
for sorbent to maintain constant bed levels in the other process vessels. From the surge

tank, sorbent flow to the adsorbers is regulated using L-valves, thus completing one full

cycle.
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NILES DEMONSTRATION PLANT SCHEDULE

Much of the information required to design the full-scale demonstration plant is available
from earlier NOXSO test programs. The POC pilot plant is supplying additional design
data and scale-up information which is being used in preparing the preliminary design of the
Niles demonstration plant. Although the preliminary design work on the Niles plant
officially began in March of 1991, the level of effort was minimal until March of 1992 when
the POC had been operating for several months generating performance data. The
preliminary design will be compieted in March of 1993, at which time the POC test program
will be complete. Detailed design will be completed in October of 1993 at which time
construction will begin. Shake down testing will begin in November of 1994. The
operations period, which includes parametric, transient and long duration tests, will last for
a period of 24 months continuing through February 1997. The schedule is summarized in
Table 2.

POC PILOT PLANT TEST PROGRAMS

The POC pilot plant began cold start-up in July of 1991. Cold start-up was the first of three
test series. The second test series was a hot start-up with inert gases. The third test
program is a set of parametric tests with the system fully operational, i.e., using flue gas in
the adsorber and reactive (rather than inert) gases in the regenerator and is currently in
progress. There are thirty parametric tests planned and the process parameters being varied
are sorbent circulation rate, adsorber settled bed height, regenerator solids residence time
and adsorber gas flow rate. The parametric tests will be followed by a duration test at
optimum process conditions as determined by the parametric tests. The results from these

tests will be incorporated in the detailed design of the NOXSO demonstration plant.

The first test program, cold start-up, was designed to verify the proper operation of each
piece of equipment in the plant. After initial shakedown tests, sorbent was circulated
through the system continuously for 43 hours. This test revealed the need to modify vessel

internals in the staged fluid beds to achieve the maximum required sorbent circulation rates.
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After the modifications were completed, a hot sorbent circulation test was performed for
38 continuous hours. The hot circulation test showed that the fluid bed residence time
needed to be increased to achieve adequate heat transfer in the sorbent heater and sorbent
cooler. After these additional modifications were completed, a second hot sorbent
circulation test was initiated. During this test, gas tracer studies were conducted to verify
isolation of pases between process vessels. Proper operation of the distributed control

system trip matrix was also verified.

Flue gas was first processed in the pilot plant in November, 1991, Since that time, the plant
has logged a total of over 2500 hours on flue gas. Parametric tests are ongoing and the
complete set of results will be available in November 1992. Progress of the test program
to date is summarized below:
J Average pollutant removal efficiencies at the pilot plant have been 90% SO,
and 80% NO, at typical inlet SO, and NO, flue gas concentrations of 2000
ppm and 350 ppm, respectively. Remaval efficiencies of 95% SO, and 92%
NO, were measured at a sorbent circulation rate of 8050 pounds per hour
(PPH), a flue gas flowrate of 5800 SCFM, and an adsorber bed temperature
of 320°F.
| Measured sorbent attrition rates at the pilot plant have been Jower than
originally projected. The projected rate of sorbent makeup was 4.5 PPH
based on data obtained from fluid beds in tests at smaller scale using previous
sorbent grades. The actnal rate measured over 1020 hours of operation at a
constant set of operating conditions was 2.5 PPH. The measured rate was
based on both the amount of sorbent makeup required to maintain steady
system inventory and the amount of sorbent fines collected from the process
off-gas streams in the baghouse. The sorbent used at the POC is being tested
for the first time in a fully integrated NOXSO system. The low attrition rates
and high internal surface area measurements indicate this sorbent is superior
to previously tested sorbent grades.
. Mass and energy balances have been continuously monitored at the pilot

plant. Mass and energy balance closures are required to verify the accuracy
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of gas analyses, sorbent analyses, gas and sorbent flow rates, temperatures,
etc. The sulfur balance between the adsorber and the regenerator, the NO,
balance between the adsorber and the sorbent heater, and the carbon balance
in and out of the regenerator all close to within +15%. The sorbent heater,
air heater, and sorbent cooler energy balances are typically 85%, 98%, and
85% (with 100% equal to perfect closure).

A corrosion test program is being conducted during POC plant operation. Corrosion test
spools containing material test samples are installed in seven different locations to assess
corrosion rates in different gas and sorbent environments. Coupon weights and dimensions
are measured before and after exposure, and these values are used to calculate corrosion
rates of each material. Table 3 lists corrosion spool locations at the POC and the process
components that will experience the same environment. Figure 4 is a photograph showing
a corrosion test spool prior to installation at the pilot plant. The materials to be tested on

each corrosion spool of coupens are listed below in Table 4.

The expected duration of the entire POC test program is about 20 months. In this relatively
short period of time, it may be difficult to distinguish corrosion rates between some of the
materials tested. Therefore, concurrently with the POC test program, there will be an
accelerated corrosion test program conducted by an independent laboratory. The
accelerated corrosion tests will consist of exposing corrosion coupon spools tc simulated
regenerator environments. A total of six tests will be conducted. The tests will be at three
different temperatures and two different gas compositions. The reactor tube containing the
corrosion test spool will also be packed with sulfated NOXSO sorbent to simulate the
regenerator vessel environment. The test matrix is listed in Table 5. Each test condition
will last for three weeks of continuous exposure. The results of these two corrosion test
programs will be used to select materials of construction for the NOXSO demonstration
plant.
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NO, RECYCLE TEST PROGRAMS

The NO, recycle concept cannot be tested at the pilot plant because the POC only uses a
slipstream of flue gas equal to 1/12 of the plant’s flue gas output. Since the NO, recycle
stream is also 1/12 the size it would be for a full-scale NOXSO plant, dilution in the full
flow combustion air stream would make any test data meaningless. However, simulated
NQ, recycle tests were conducted during the pre-pilot scale tests conducted at the DOE's
Pittsburgh Energy Technology Center [2] and more recently at the B& W Research Center.
The NO, recycle tests are conducted by injecting bottled NO, compounds into the
combustion air in concentrations that reproduce the NO, concentration which will occur

when the NO, recycle stream is mixed with the combustion air.

Tests at PETC were conducted using a pulverized coal burner and a tunnel furnace burning
natural gas and a coal-water slurry. Approximately 65% of the NO, was destroyed in the

PC burner while 75% was destroyed in the tunnel furnace.

NO, recycle tests were recently completed at the B&W Research Center using a small boiler
simulator (SBS) which is a scaled cyclone boiler of the type used at Niles. A schematic of
the B&W SBS is shown in Figure 5. NO, destruction was investigated as a function of
furnace load, excess air, injection location (primary air, secondary air, or both
simultaneously) and injected NO, concentration and specie (NO or NO,). For conditions
similar to those which will be encountered at Niles, the destruction efficiency is between 60
and 65%.

SUMMARY

NOXSO Corporation’s Clean Coal Technology project is a 115 MW demonstration of the
NOXSO flue gas treatment process. The host site for the project is Ohio Edison’s Niles
Plant located on the Mahoning River in Niles, Ohio. Preliminary design for the
demonstration unit is scheduled to be complete in early 1993 with detailed design being

completed in late 1993. Plant construction should then be completed in late 1994 with full
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load operation beginning in early 1995. The project will be completed in February of 1997.
Much of the necessary design data has been acquired through previous experimental test
programs. The final design data will be obtained from NOXSO’s POC pilot plant at

Toronto, OChio.
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Figure 1. Project Organization Chart.

Figure 2. Ohio Edison’s Niles Plant, Niles, Ohio.
Figure 3. NOXSO Process Flow Diagram.
Figure 4. Photograph of Corrosion Spool.

Figure 5. Babcock & Wilcox’s Small Boiler Simulator (SBS) Schematic.

2-94 Clean Coal Technology Conference Procesdings



Moisture (%) 7.32
Ash (%) 11.72
Sulfur 2.79
Heating Value 11,810
(Btu/Ib)

Table 1. Annual Coal Quality Analysis for
the Niles Plant (1991)

Preliminary Design | April 1991 - March 1993
Detail Design March 1993 - October
1993
Construction October 1993 - February
1995
Operation February 1995 - February
1997

Table 2. Project Schedule
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Spool Location Components

#1, Adsorber Inlet Ductwork between spray cooler and
adsorber, base of adsorber, and adsorber
gas distributor.

#2, Adsorber Outlet Adsorber (above distributor), adsorber
(top of adsorber) cyclone, and ductwork between adsorber
and stack.
#3, Air Heater Outlet Air heater, duct between air heater and

sorbent heater, bottom gas distributor in
sorbent heater, and sorbent heater.

#4, Regenerator Regenerator, piping between regenerator
(gas space) and incinerator, and control valves on
piping.
#5, Regenerator Regenerator, sorbent transfer line from
(sorbent bed) sorbent heater to regenerator, and
transfer line from regenerator to steam
treater.
#6, Steam Treater Steam treater, piping between steam
(gas space) treater and incinerator, and control
valves on piping.
#7, Steam Treater Steam treater, vessel surface in contact
(sarbent bed) with sorbent.

Table 3. Location of POC Corrosion Test Spools and Process and Components Affected
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Spool No. Accel-
crated
Materials 1 2 3 4 5 6 7 Tests
STAINLESS STUEL
M S8 X X X X X X X X
3041 88 X X X X X X
316 8% X X X X X X X X
46 88 X X X X X X X X
1010 €S X X X X X X X X
HASTELLOYS
C-276 X X
22 X X
C4 X X
304 S5 (Alonized) X X X X X X
36411 8§ (Aloniczed) X X X X X X
316 88 (Alonised) X X X X X X
1010 C8 (Alonized) X X X X X X
3 8S (Chromized) X X X X X X
1010 CS (Chromized) X X X X X X
OVERLAYS
304 S8 with 556 88 X X X X X X
304 HS with HR-160 X X X X X X
304 SS with 446 S8 X X X X X X
3041 8S wath 446 8§ X X X X X X
SPRAYCOAT. AFIER WELDS
Alonized 304 88 with 446 88 X X X X X X
Alonized 364H 88 with 6 5% X X X X X X
304 88 with 446 55 X X X X X X
304H SS with H6 88 X X X X X
Haynes 536 X X
Haynes HR-160 X X
Carpenter 200Ch3 X X
Jessop 18276 X X
Inco C-276 x x
Inco 625 X X
Teflon X X

Table 4. Materials to be Tested During the POC Corrosion Test Program
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Test Temp. Gas Environment
No. (°F)
1 1200 40%CO, 40%S0,, 109%H,0,
109%CH,
2 1400 40%CO0O, 40%S50,, 10%H,0,
10%CH,
3 1600 409%CO, 40%S0,, 10%H,0,
10%CH,
4 1200 50%H,S, 509%:H,0
5 1400 50%H,S, 50%H,0
6 1600 509%H,S, 50%H,0

Table 5. Accelerated Corrosion Test Conditions
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Watertown, NY 23601
G. G. Elia
Project Manager
Department of Encrgy (PETC)
P.O. Bux 10940
Pittsburgh, PA 15236

INTRODUCTION

In September, 1991, the United States Department of Energy awarded New York State
Electric and Gas (NYSEG) a Clean Coal Technology Round 1V grant for the Milliken
Clean Coal Demonstration Project. The two unit, 320 MW Milliken Station is located in
the town of Lansing, New York. The Milliken project proposed a Total Environmental and
Energy Management (TEEM) concept. The project team members include NYSEG,
CONSOL Inc., Saarberg-Hoélter-Umwelttechnik (§-H-U), NALCO/Fuel Tech, Stebbins
Engineering and Manufacturing Company, and an air heater vendor. The Milliken project

goals are to:
e Reduce SO, emissions by up to 98% using a low power-consuming scrubber system
while burning high-sulfur coals,

¢ Reduce NO, emissions through application of low NO, burners and the NOxQUT®
process,
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e Minimize solid waste production through the sale of gypsum, mixed chloride salts,
and continued fly ash sales,

o Demonstrate zero waste-water discharge,

e Minimize the impact of the environmental control systems on station thermal
efficiency, and

e Maintain superior system availability.

The project components were selected to achieve superior environmental performance at
reduced cost with minimal impact on station efficiency or net plant heat rate. Currently,
NYSEG and DOE are negotiating the Clean Coal Technology IV Cooperative Agreement.
This paper will present the project schedule, the proposed process design, and the process

component performance objectives.

SCHEDULE

The project schedule is presented in Figure 1. Since this project is a compliance project for
Phase I of the Clean Air Act Amendments of 1990, the schedule was set to meet the SO,
and NO, emission requirements in 1995. The design and construction period lasts from
January 1992 to March 1995. During this period, Milliken Units 1 and 2 (160 MW each)
will be retrofitted with the ABB/Combustion Engineering Low NO, Concentric Firing
System III (LNCFS III) and the S-H-U FGD process. One unit will be upgraded with the
NOxQUT process, a high-efficiency air heater, and the CAPCIS corrosion monitoring

system. The three-year demonstration period will start in March 1995.

PROJECT DESCRIPTION

SO, Emissi ontrol

The Milliken project SO, control system goals are: up to 98% SO, removal while firing a

3.2% sulfur coal, low energy consumption (approximately 1% of station net output), space-

saving design, and 95% FGD reliability. The S-H-U wet flue gas desulfurization process is
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the heart of the project. A simplified process flow diagram of the S-H-U installation for the
Milliken Station is presented in Figure 2. The S-H-U process is a formic acid-enhanced wet
limestone technology which produces high-quality, commercial-grade gypsum as a by-

product [1].

The Milliken project features unique equipment design, construction methods, and materials
of construction. The S-H-U process will handle the flue gas from two boilers in a single,
split, Stebbins tile, reinforced-concrete constructed absorber module. This versatile method
of construction can operate continuously in a pH range of 3 to 12. pH excursions above or
below this range can be tolerated with little adverse effect. The liquid temperature limit
is 200°F and the gas temperature limit is much higher. The reinforced concrete/tile
construction can tolerate chloride levels in excess of 100,000 ppm. The Stebbins tile
material will decrease life-cycle cost and reduce maintenance frequency due to the superior
corrosion and abrasion resistance of the tile in FGD applications. Typical Stebbins FGD
installations are presented in Figures 3 and 4. The reinforced concrete/tile split-module
design will provide greater operational flexibility and reliability for the two Milliken units
than a single absorber module. The cost of the split module is less than the cost of two
separate absorber vessels of similar design and construction. The split module will be
constructed below the flues. This design feature saves space, reduces retrofit costs, and can
be constructed in confined spaces using Stebbins construction methods. The system will be
installed without a spare absorber module to save capital costs. A computer-generated

drawing of the Milliken FGD installation is presented in Figure 5.

As presented in Table 1, the S-H-U process has a significantly lower energy consumption
than conventional wet limestone FGD systems because of its lower pressure drop and liquid-
to-gas ratio. Because the S-H-U process is based on formic acid buffering of the recycle
slurry, it is inherently stable under all process conditions and has virtually no scale potential.
Since one of the Milliken project goals is zero waste water discharge, an important
additional benefit of formic acid buffering is a lower FGD blowdown rate than a

conventional scrubber. The smaller blowdown rate is due to the ability of the S-H-U
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process to maintain high SO, removal and high calcium utilization with greater than 50,000

ppm chloride in the recycle slurry.

NQ, Emission Control

NO, emission reductions will be achieved by a combination of the LNCFS HI system and
the NOxOUT process. NYSEG intends to retrofit the ABB/CE LNCFS HI low-NO, system
on each Milliken unit [2]. The burner configuration for one boiler corner is presented in
Figure 6. The design goals for the low-NO, burners are NO, emissions of 0.37 Ib/MM Bt

while maintaining high carbon burnout, i.e., producing fly ash with low loss on ignition.

The NOxQUT system provided by NALCO/Fuel Tech is a low capital cost, energy-efficient
method of reducing NO, emissions. A simplified NOxOUT process flow diagram is
presented in Figure 7. The goal for the NOxOUT demonstration is to reduce NO,
emissions from 0.37 1b/MM Btu to less than 0.26 Ibh/MM Btu. The major components of
the NOxOUT process are NOxOUT A reagent storage, dilution water, atomization air, and
reagent injection systems [3]. The NOxOUT process will be demonstrated on the unit

equipped with the zero air leakage air heater and the CAPCIS system.

The overall objective of the NO, program is to minimize the NO, emissions in a cost-
effective, energy-efficient manner while minimizing impacts on boiler equipment and

marketable fly ash, gypsum, and mixed chloride salts.

Minimize Waste Production

Another Milliken project goal is to minimize solid and liguid waste production. To achieve
this, the scrubber system is designed for zero waste water discharge and to produce the
maximum amount of marketable, solid by-products. NYSEG intends to continue the sale
of fly ash from the Milliken Station.
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The scrubber and auxiliary systems are designed to produce marketable by-product gypsum
and mixed chiloride salts. A simplified process flow diagram of the gypsum dewatering area
is presented in Figure 8. A gypsum bleed stream from the scrubber will be fed to hydro-
clones. The primary hydroclone underflow will feed a vacuum belt filter. The filter cake,

which contains about 10 percent free moisture, will be dried and agglomerated.

A bleed stream from the gypsum dewatering area will be pumped to the blowdown
treatment area. A simplified FGD blowdown treatment process flow diagram is presented
in Figure 9. The blowdown treatment system includes two principal subsystems: blowdown
pretreatment and brine concentration. The blowdown pretreatment subsystem includes
separate stages for gypsum desaturation and heavy metals precipitation, magnesium
hydroxide precipitation, possibly salt conversion from calcium chloride to sodium chloride,
and ammonia stripping. The brine concentration subsystem is separated into distillate and

concentrated brine phases and a drying stage for further dewatering of the brine.

In the blowdown pretreatment subsystem, the pH of the bleed stream is increased by the
addition of lime slurry to remove heavy metals from solution by precipitation as metal
hydroxides. Gypsum seed crystals are recycled from the clarifier/thickener to accomplish
gypsum desaturation. Additional removal of heavy metals is obtained by their precipitation
as sulfides through organosulfide or sodium sulfide dosing. After coagulation and
flocculation, the waste water is separated into liguid and sludge phases in a clarifi-
er/thickener. The magnesium ions in the supernatant are precipitated as magnesium
hydroxide by pH adjustment with lime or sodium hydroxide. The magnesium hydroxide
sludge and heavy metals sludge are dewatered in a filter press for landfill disposal.
Following magnesium hydroxide precipitation, the blowdown contains primarily calcium
chloride, with some sodium chloride. Sodium carbonate can be added to convert calcium

to sodium salts and the calcium carbonate by-product can be recycled to the FGD system.

Ammonia slip (less than 2 ppm) from the NOxOUT process is scrubbed by the S-H-U
process. The ammonium ions are removed by steam stripping prior to lowering the brine
pH.
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A simplified brine concentrator process flow diagram is presented in Figure 10. In the brine
concentration process, the pretreated blowdown is pH-adjusted by addition of acid,
preheated, deaerated, heated to near the boiling point, and fed to the falling-film evapora-
tor. Distillate from the evaporator is returned to the FGD system with less than 10 ppm
dissolved solids. The concentrated brine can be spray dried to produce dry calcium chloride

or sold as a solution. Dried solids are collected in a storage silo.

Minj Im ign Efficien

The impact of the scrubber system on Milliken Station thermal efficiency will be minimized
by the installation of a zero-leakage, high-efficiency air heater; improved boiler control
system including boiler advisory control software; and operating the air heater at a reduced
flue gas exit temperature. Energy efficiency benefits and emission reductions will resuit
through increased boiler efficiency, decreased power requirements for the forced and
induced draft fans, and lower power requirements for the scrubber recycle pumps. NYSEG
estimates that the efficiency improvements will off-set the scrubber energy demand. The

TEEM approach will have minimal impact on the net plant heat rate.

A CAPCIS corrosion control system will be installed downstream of the new air heater. The
CAPCIS system is an on-line, real-time corrosion monitor. The signal from the CAPCIS
system will be used to adjust the flue gas exit temperature by varying the volume of air
bypassed around the air heater. This system will minimize the net plant heat rate and

simultaneously avoid costly maintenance due to acid corrosion.

TEST PROGRAM

NYSEG plans to have the TEEM approach operational in 1995. NYSEG plans to evaluate
the impact of coal sulfur content, concentration of formic acid in the recycle slurry, and in-
service spray-header combinations on S-H-U process performance. The S-H-U process
variables are presented in Table 2. The goals of the S-H-U evaluation are to demonstrate

95-98% SO, removal while maintaining 95% FGD reliability, determine the impact of the
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FGD on net plant heat rate, and confirm limestone utilization and formic acid makeup
requirements, Using the base coal, the project will also evaluate the impact of scrubber

variables on SO, removal, by-product gypsum quality, and calcium chioride quality.

The NO, control test program is divided into two parts: the Low NO, Concentric Firing
System with the boiler thermal efficiency advisor software and the NOxOUT process. As
shown in Table 3, the low NO, burner test program variables include economizer O, level,
secondary air split between overfire air ports and concentric air, and angle between fuel air
and the concentric air. The goal of the low-NO, burner test program is to maximize the
NQO, reduction with acceptable waterwall slagging, tube corrosion, and carbon carryover in
the fly ash.

The NOxOUT test program goals are (1) to increase NO, removal by an additional 30%
above the LNCFS Il removal whife maintaining ammonia slip below 2 ppm in the flue gas,
and (2) to evaluate the impact of the NOxOUT process on the air heater, ESP and scrubber
performance; and on the bottom ash, fly ash, gypsum, and calcium chloride quality. The
NOxOUT process variables include reagent/NO, mole ratio, reagent injection location,
reagent concentration, and boiler load. The variables and variable ranges are presented in
Table 4.

The balance of plant variables are presented in Table 5. The high-efficiency air heater
study will optimize the net plant heat rate with minimal impact on plant availability. The
plant particulate control efficiency will be evaluated across the ESP and across the S-H-U
scrubber. The ESP is designed to maintain the scrubber inlet particulate flow rate at 120-

145 Ib/hr per boiler. The low particulate rate is required to produce salable gypsum.

Associated with the demonstration program, a trace element/air toxics balance will be
conducted around the Milliken Station. The goal of the balance is to determine the
effectiveness of the upgraded ESP and the S-H-U process in reducing trace element air

emissions,
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SUMMARY

To summarize, the Milliken Station Clean Coal Demonstration Project goals are to:

e Demonstrate that the S-H-U process can reduce SO, emissions from the
combustion of high-sulfur coal by as much as 98% while maintaining 95% scrubber
reliability,

¢ Demonstrate that the combination of the ABB/CE LNCFS III system and the
NOxOUT process can economically and reliably reduce NO, emissions,

e Minimize solid waste production and disposal through the sale of gypsum and
mixed chloride salts,

¢ Minimize the impact of environmental control on net plant heat rate,
e Demonstrate zero waste water discharge, and

¢ Maintain superior system availability.

NYSEG plans an ambitious program for the Milliken Station Clean Coal Demonstration
Project. NYSEG broke ground and construction is underway. The project team is looking
forward to returning to this conference in 1996 to present the preliminary results from a

successful demonstration program.
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Figure 3. Reinforced Concrete/Tile Wall and Baffle Under Construction.

Figure 4. Completed Reinforced Concrete/Tile Constructed Tank.
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Figure §.

Computer-Generated Drawing of the Milliken FGD Installation.
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Figure 6, ABB/CE Low NO, Concentric Firing System Level III.
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Advanced Power Generation Systems

Chair: R. Daniel Brdar, DOE METC

York County Energy Partners DOE CCI ACFB Demonstration Project,
Dr. Shoou-l Wang, General Manager, EES Technology, Air Products and
Chemicals, Inc.

Co-authors: J. Cox and D. Parham, Foster Wheeler Energy Corporation

Coal Gasification -—— An Environmentally Acceptable Coal-Burning Technology
for Electric Power Generation, Lawrence J. Peletz, Jr., Consulting Engineer, ABB
Combustion Engineering, Inc. Co-authors: Herbert E. Andrus, Jr., and Paul R.
Thibeault, ABB Combustion Engineering, Inc.

Toms Creek IGCC Demonstration Project, Gordon A. Chirdon, Director of
Engineering and Technology, Coastal Power Production Company.
Co-authors: J.G. Patel, Vice President, New Technology, R. T. Silvonen, Tampella
Power Corporation, and M. J. Hobson, Coastal Power Production Company.
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YORK COUNTY ENERGY PARTNERS
DOE CCI ACFB DEMONSTRATION PROJECT

S. Wang
Air Products & Chemicals, Inc.
7201 Hamilton Blvd.
Allentown, PA 18195-1501

J. Cox and D. Parham
Foster Wheeler Energy Corporation
Perryville Clinton Corporate Park
Clinton, NJ 08809-4000

ABSTRACT

The York County Energy Partners (YCEP) project, to be located in York County, Pennsylvania,
will demonstrate the world's largest atmospheric circulating fluidized bed boiler under
sponsorship of the U.S. Department of Energy's Clean Coal Technology I Program. The single
ACFB boiler, designed by Foster Wheeler Energy Corporation, will produce 227 MWe of net
electrical power and export approximately 50,000 Ib/hr of steam. This paper explains how the
technical challenges to the design of a utility-scale ACFB boiler were met and presents the
innovatve features of this design.

INTRODUCTION

The York County Energy Partners cogeneration project located in York County, PA will
demonstrate the world's largest amnospheric circulating fluidized bed (ACFB) boiler under
sponsorship of the US Department of Energy's (DOE) Clean Coal Technology I Program. The
goal of the project is 10 demonstrate the technical and economic feasibility of applying
circulating fluidized bed combustion technology at the 250 MWe scale for producing elecical
power and steam in an environmentally acceptable manner while efficiently utlizing our nations
coal resources. An artists rendition of the completed YCEP Cogen plant is presented in Figure
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1. The single-train ACFB boiler, designed by Foster Wheeler Energy Corporation (FWEC), will
supply 227 MWe of electrical power to the Metropolitan Edison Company (Met-Ed) and export
approximately 50,000 1b/hr of sieam to the J. E. Baker Company. The steam supplied by the

Y CEP project will reduce existing propane, natural gas, coal, and electricity consumption at the
J. E. Baker Company, a producer of dead-burned dolomite which is used to manufacture
refractory bricks for the steel and cement industry, specialty granular refractories for repairing
and maintaining furnace linings, and agricultural products.

The YCEP Cogen Project will be located approximately 6 miles west of the City of York, PA in
West Manchester Township. The project is situated adjacent to the J. E. Baker Company’s
dolomite operations, which is north of U.S. Route 30. As shown on the map in Figure 2, the 50
acre miangular site is bounded to the northeast by Emigs Mill Road (SR 4003), to the south by
the Yorkrail railroad line, and to the northwest by the Briarwood Golf Club. The project will
interconnect to Met-Ed's Jackson substation, which is located within 7000 feet of the project site
and is capable of distributing the electrical power that will be produced.

A plot plan for the YCEP Cogen project is shown in Figure 3. Fuel delivery will be facilitated
by direct access to the Yorkrail Company rail line. A loop track will be constructed to aliow the
coal to be unloaded on site. Sufficient space is allotted for 30 day storage of coal at the site.

A summary of the YCEP Cogen project information is given in Table 1. The ACFB combustor
will be fueled with low sulfur (less than 2 percent) bituminous coal available locally in Western
PA.MD, and W. VA, The scaled-up single ACFB boiler will generate 1,725,000 Ib/hr of main
steam at 2500 psig and 1005°F and 1,400,000 Ib/hr of reheat steam at 442 psig and 1005°F. The
estimated total cost of the YCEP Cogen project is more than $ 300 million dollars. A cost share
of approximately $ 75 million dollars will be provided by the US DOE to sponsor the Clean
Coal Technology Round ! Demonstration Test Program.

A schedule of the milestones of the YCEP Cogen project is provided in Table 2 and as a Gantt
chart in Figure 4. Adjustments to this schedule may be necessary 1o accommodate certain
Department of Energy requiremenis which are not yet available to the project sponsor.
Commercial operation is scheduled to begin by March, 1997.

3-4
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Facility Description

A brief description of the overall cogeneration process is given below. For reference, Figure 3
provides a plot plan for the entire plant and Figure 5 provides a process flow diagram indicating

how the major pieces of equipment are interconnected.

Fuel is fed to the base of the combustor along both the front and back walls and sorbent is fed to
the base of the combustor along the front wall. A fuel and sorbent receiving and preparation
system Is incorporated into the plant design. Primary and secondary air flows 0 the combustor
are provided by primary and secondary air fans. Before entering the combustor, these streams
are preheated via heat exchange with the flue gases in the air heaters. The heart of the process is
a circulating fluidized bed combustor in which the fuel is combusted while simultaneously
capturing SO2. Selective non-catalytic reduction of NOx emissions is accomplished through
injection of aqueous ammonia at the inlet 1o the cyclones. Solid particles entrained by the
upflowing gas in the combustor exit the top of the combusior into cyclones which efficiently
separate the flue gas from the entrained particles. The flue gas discharged from the cyclone is
directed to the downstream convective section of the boiler and the captured solids are recycled
to the base of the ACFB by means of standpipes, J-valves, and an INTREX T fluidized bed
Integrated Recycle Heat Exchanger. The J-valves provide a seal between the positive pressure in
the lower furnace where the recycle solids are fed and the near ambient pressure in the cyclones.

Coarse ash material (bed ash) accumulating in the ACFB is removed from the bed using a
specially designed directional grid and a fluidized bed stripper cooler. The bed ash is cooled by
the fluidizing air flow to the stripper cooler. This heated air stream flows to the combustor
along with the fines that are swipped out. The cooled bed ash will be conveyed to a bed ash silo.
Fly ash collected in the air heaters, economizer, and baghouse hoppers will be pneumnatically
conveyed to the fly ash storage silo. Depending on the beneficial use for the byproduct ash, the
bed and fly ash sweams may require additional processing 1o condition the ash.

A schematic diagram of the steam/water circuitry for the ACFB steam generation system is
shown in Figure 6. Boiler feedwater is preheated in the economizer located in the convection
heat recovery area. The preheated feedwater is then routed to the steam drum. From the steam
drum, the pressurized water flows by natural circulation through the waterwall sections of the
ACFB combustor and the INTREXTM heat exchanger. Steam generated in the waterwall boiling
circuits is routed to the cyclone enclosure walls, the convection heat recovery area enclosure
walls, the primary superheater, and then on to the intermediate and finishing steam coils located
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in the INTREX™ heat exchanger. This superheated steam flow is expanded through a high
pressure steam turbine. A portion of the steam exiting the high pressure turbine flows through a
reheater located in the convective heai recovery area. The reheated stearn is expanded through
an intermediate pressure steam turbine to extract additional power.

A description of the major components which comprise the coal-fired ACFB cogeneration plant
is given below.

Circulatine Fluidized Bed Combustor

A process flow diagram for the YCEP cogeneration plant is shown in Figure 5. Figure 7
provides a side elevation drawing of the ACFB combustor/steam generation system. Coal and
sorbent, such as limestone, are fed into the lower, refractory-lined portion of the atmospheric
circulating fluidized bed where these feedstock matenials are mixed with the bed material and
inital combuston occurs. To support combustion of the coal, a substoichiometric amount of air
is fed to the base of the unit and addidonal air is injected at two different elevations above the
primary air feed location. The total air flow is approximately 20% in excess of stoichiometric
requirements. Primary air enters through a specially designed air distribution grid. This process
of staging the air flow to the combustor minimizes the formation of NOx within the unit. In
additon, the relatively low operating temperature of the ACFB combustor of 1550-1650°F also
minimizes NOx formation. The sorbent is fed to the bed to capture SO2 formed by the
combustion of sulfur-containing fuel. Calcium carbonate is calcined to calcium oxide in-situ
which subsequently reacts with SO2 and O2 to stabilize the suifur in the form of calcium sulfate.
Maintaining the bed temperature at approximately 1600°F is also necessary for effective sulfur
capture and to minimize sorbent consumption.

The upflowing combustion gases entrain the fine ash, char, and sorbent particles producing a net
flow of solids up through the combustor. The combustor temperature is maintained by efficient
transfer of heat from the gas-solid suspension to the waterwall tubes. Solids entrained from the
bed, including unburned char and unreacted sorbent particles, are captured by hot cyclones and
returned to the ACFB combustor. This promotes improved combustion and sorbent uttlization
efficiency. The recycled solids are also cooled upon passing through the steam-cooled cyclones
and the INTREX™ heat exchanger. A side elevation drawing of the INTREX™ unit is given
in Figure 8. The cooled recycle solids stream also helps 1o moderate the iemperatures within the
combustor. Coarse ash particles are removed from the bottom of the combustor as bed ash.
Additional heat is recovered from flue gas and fine ash particles escaping the cyclones within the
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convective section of the boiler. The fly ash is captured in a baghouse before the cooled flue
gas is exhausted through a stack.

Description of the Integration of Components

Bituminous coal is delivered 1o the site by rail and is stored in five 36 ft diameter coal storage
silos with a 14 day storage capacity. The 2" x 0 size raw coal is then conveyed to crushers
located at the top of the boiler building to be crushed to 1/2" x 0 size and stored in 4 in-plant
coal silos. The crushed coal is extracted from the silos at variable rates, as required by the
ACFB boiler, by gravimerric feeders and fed to both front and rear walls of the boiler.

Depending on the source of the raw limestone and dolomite, the sorbent woulid be either
delivered by pneumaric truck or crushed at an adjacent site and pneumatically conveyed to two
sorbent storage silos. Each silo discharges to one (1) 100% capacity gravimetric belt feeder.
From the feeders, the sorbent is dropped into a bifurcated discharge hopper where the sorbent is
divided into two sweams. Four (4) 50% capaciry sorbent blowers convey the sorbent to the
ACFB boiler pneumatically and inject it 1o the boiler at the vicinity of coal feed points. The rate
of sorbent feed is automatically adjusted if the SO» concentration measured at the stack exceeds
a predetermined set point.

Draft Sysiem

The ACFB boiler is equipped with one (1) 100% capacity centrifugal primary air fan, one (1)
100% capacity centrifugal secondary air fan, two (2) 100% capacity centrifugal INTREXTM
heat exchanger blowers, two (2) 100% capacity positve displacement J-valve blowers, four (4)
50% capacity positive displacement sorbent blowers. The primary air and the secondary air are
heated by the flue gas in two heaters arranged in paralle! with multiple air and flue gas passes.
With flue gas flowing on the inside of the vertical tubes, the gas side cleanliness is maintained
without steam sootblowing. Balanced furnace draft is mainiained by one (1) 100% capacity
centrifugal induced draft fan. Part of the primary air bypasses the primary air heater and is used
to fluidize the stripper/coolers and provide seal and sweep air for the fuel feeders. Part of the
high pressure air from the J-valve blowers is injected into the wansfer lines from the combustor
to the stripper/coolers to assist solids movement into the stripper/cooler.
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Baghouse

A l4-compartment reverse air type baghouse filter system will be used to clean the flue gas
exiting the primary and secondary air heaters. The baghouse filter system is designed to remove
particulates in the flue gas and maintain particulate emissions below 0.015 lbs/yMMBm. A
design air-to-cloth ratio of two is specified with one comparunent isolated for cleaning and one
compartment out for maintenance, Each baghouse compartment has a hopper which is heat
traced and has an 8-hour storage capacity. The ash collected in the hopper will be discharged 10
the fly ash removal system.

Spent Bed Material Cooling S

Coarse coal ash, spent sorbent, and calctum sulfate must be removed from the bottom of the
ACFB boiler to control solids inventory in the lower region of the boiler. Directional air
distributor nozzles are used on the furnace floor to direct coarse material to the drain openings
on each furnace sidewall. Figure 9 illustrates the solid flow patterns along the base of the
combustor which causes the bed ash material to drain to the stripper cooler and also maximizes
the residence time of the large fuel particles in the combustor to reduce unburmned carbon levels
in the bed ash. Four (4) 50% capacity fluidized bed stripper/coolers are designed to selectively
remove oversized bed material and return fine material back into the furnaces to increase the
solids residence time. As illustrated in Figure 10, the stripper/cooler is a refractory lined box
with three fluidized compartments; one stripper zone and two cooling zones. A fraction of
combustion air is used to strip and cool the spend bed material to an acceptable temperature leve]
for disposal. Sensible heat in the spent bed material is recovered by injecting the stripping and
cooling air back to the furnace as part of the secondary air for combustion.

Ash Disposal System

The cooled bed ash will be conveyed to a bed ash storage silo via a pneumatc transport system,
The bed ash collected during the pilot plant tests wall be used to test different ash transport
systems to determine the most reliable and cost effective transport system for the bed ash. The
fly ash is conveyed from air heaters, economizer, and baghouse hoppers by dilute-phase
pneumatic ransport system to a fly ash storage silo.

Water Steam Circui

Figure 8 illustrates the components of the steam generation system that are incorporated in the
ACFB design. The circulating fluid bed design is comprised of four distinct sections: the
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furnace, the hot cyciones, the INTREX T heat exchanger, and the heat recovery area (HRA).
All four sections are top supported and are comprised of water or steam cooled enclosures. Use
of integrally welded steam generating walls (MONOWALL®) as the enclosure is in accordance
with modern design practice and provides both the required cooling and the swuctural support.
The steam circuitry is designed for natural circulation and includes a singie drum located above
the furnace and berween the furnace and cyclones. The boiler is designed to turn down to 40
percent of MCR capacity without firing auxiliary fuel and to have a sieam temperature control
range between 75% and 100% MCR load.

Boiler feedwater enters the unit at the inlet to the bare tube economizer located in the convection
heat recovery area. Water flows through the banks of horizontal coils countercurrent to the flue
gas, exiting at the outlet header. Feedwater is then routed to the steam drum. Steam generated
tn the boiling circuits is separated by the steam drum internals. The steam drum internals are
designed to efficiently separate the steam/water mixture, and to insure that the steam leaving the
drum is moisture free and of high purity. In additon, the drum internals distribute the flow of
incoming water and steam throughout the drum 1o maintain even drum metal temperatures. The
internals consist of horizontal centrifugal separators located along the side of the drum and unit
Chevron drier assemblies arranged along the top of the drum.

Steam leaving the drum through the Chevron dryers is routed to the cyclone circular enclosure
walls, HRA enclosure walls, the HRA primary superheater, and then on to the intermediate and
finishing superheater coils located in the INTREX™ heat exchanger. Two spray type
attemnperators are provided, located between the primary and the intermediate superheaters and
between the intermediate and finishing superheaters to provide control of the final steam
temperature. This type of attemperation will afford excellent control flexibility and will not
adversely affect steam purity.

Rehear steam enters the uniz at the reheater inlet header located in the parallel pass HRA. Steam
flows through the reheater banks of horizontal coils countercurrent to the flue gas flow, exiting
at the outlet header. Reheat temperature control is achieved through simple flue gas flow
proportioning thereby eliminating the need for spray-tvpe attemperators.

Bower Generation System

The YCEP Cogeneration plant wiil generate electric power by extracting shaft work from the
high pressure superheated steam flow produced by the ACFB steam generating circuits. The
turbine generator system includes high, intermediate and low pressure steam turbines connected
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10 a generator. Main steam enters the high pressure turbine at 1,750,000 Ib/hr, 1005°F, and 2500
psig. A portion (1,400,000 lb/hr) of the main steam flow leaving the expander at 590 °F and
approximately 480 psig is reheated to 1005°F and is then fully expanded. Approximately 30,000
tb/hr of extraction steam is withdrawn from the intermediate pressure turbine at 200 psig and
low pressure turbine at 50 psig.

Thermal DeNQx System

Low level emissions of NOx generated by the oxidation of fuel nitrogen within the ACFB
combustor will be further reduced by decomposing NOx into N2, O2, and H20 using non-
catalytic reduction with ammonia. Aqueous ammonia will be injected directly into the flue gas
in the (4) ducts connecting the cyclones to the combustor. At this locadon, the temperature of
the flue gas at 100% MCR will be approximatety 1630°F. At this temperature the NOx
reduction reactions proceed at a sufficient rate to achieve a NOx reducton level of 50%. Since
staged combustion and low combustion temperatures already contribute to significantly lower
NOx emissions than achieved with conventional pulverized coal boilers, extremely low NOx
emissions will be achieved by combining the two technologies.

Hot Model B

ACFB combustors are known for their excellent fuel flexibility. However, many fuel and
sorbent characteristics, such as composition, reactivity, and friability will all impact the design
and the performance of a ACFB combustor as well as the feed and the ash handling equipment.
These factors must be thoughtfully addressed during the design stage to ensure the ACFB
combustor and ancillary equipment will meet the performance guarantees.

Before the final design engineering for the YCEP Cogen plant begins, four (4) hot model tests
will be conducted at Foster Wheeler Development Corporation's | MWth test facility at
Livingston, New Jersey, using potental coals and sorbents considered for commercial operation.
The ACFB hot model is constructed of MONOWALL® and consists of 2 1'x2'x48' combustion
chamber, MONOWALL®-enclosed cyclone separator and downflow heat recovery section. It is
equipped with extensive temperature and pressure measurement insorumentation and gas
composition analyzers to assess the combustdon and emission characteristics of the FWEC ACFB
combustor.

The key design information to be obtained from the hot model inciudes combustion efficiency,
optimal temperature for sulfur capture, Ca/S molar rado for 92% sulfur removal, emissions, and
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test required by environmental permit applications as well as in ash conveying and conditioning
tests for the selection of proper ash handling equipment.

Technical Challenges in Scale Up of ACFB Design

Evolution of ACERB Technology in U.S.

The size of the YCEP ACFB combustor represents a significant increase in scale over existing
ACFB combustors. Figure 11 provides an illustration of how the size of single ACFB
combustors constructed in the U.S. has grown over the past decade. This bar chart of net
electrical generating capacity per ACFB boiler versus the year of start-up includes primarily the
larger capacity units coming on stream in this period. Currently, the largest single ACFB boiler
is the 150 MWe Texas-New Mexico ACFB designed by Combustion Engineering. This unit will
be superseded in 1993 by the Pt. Aconi ACFB, a 165 MWe net Pyropower combustor.

However, when the YCEP project is started up in late 1996, it will become the largest ACFB
combustor, capable of generating 227 MWe of net electrical power and 50,000 1b/hr of export
steam. This scale will be most representative for potential utility-scale ACFB applications.

A significant challenge in the design of the single combustor ACFB for the YCEP project was to
anticipate the influence that the scale of the combustor would have on its design and
performance. The following sections will discuss several important considerations in designing
a 227 MWe ACFB combustor having maximum certainty of successful operation. The major
design features to be discussed include:

* Flexibility of Thermal Design
* Solids Mixing/Feed Distribution
¢ Cyclone Separator Design/Configuration

Design of ACFB Waterwall

In scaling up the design of ACFB combustors, proper thermal design is important to control the
temperature within the combustor. A properly designed ACFB combustor will operate at
uniform 1600-1650°F temperatures, which will permit combustion to take place below the ash
fusion temperature while providing optimal SO2 capture with calcium-based sorbents and
reduced NOx formation. This is achieved by balancing the heat released by the combustion
process with the heat absorbed within the boiler. Heat absorption is achieved by withdrawing
heat from the gas-solid suspension within the boiler, the cyclones, and INTREXT™, Adequate
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hear from the gas-solid suspension within the boiler, the cyclones, and INTREX™ hear
exchanger. Adequate temperature control and solids distribution/mixing are essental to
attaining high combustion efficiencies and minimal gaseous emission rates.

Since the fluidizing velocity of ACFB's is held constant, the cross-sectonal area of the
combustor increases proportionately with the firing rate. However, as the bed cross section
increases, the ratio of bed volume per unit of wall heat transfer surface area increases. Figure 12
shows how this ratio (or cross-sectional area per unit perimeter) increases with combustor cross-
sectional area. Therefore, as the cross-sectional area increases for a unit of a given height, the
amount of heat that can be removed through the waterwalls becomes a smaller fraction of the
firing rate.

One method of obtaining the total required hear transfer surface is to increase the combustor
height: however, the heat ransfer surface that is inroduced with added height is least effective at
removing heat. This occurs because the rate of heat transfer varies with the solid suspension
density and the solid suspension density in the YCEP combustor decreases rapidly with height
until reaching a constant value in the upper furnace. This resuits in a more predictable heat
absorption in the upper furnace. Furthermore, a lower density in the upper furnace results in less
heat release, which is consistent with the lower heat absorption in the upper furnace.

In the YCEP ACFB design, the required amount of heat is removed through addition of a water-
cooled, full division wall extending along the entire height of the combustor. This development
introduces additional heat transfer surface throughout the entire furnace height. The division
wall reduces the ratio of bed volume to the heat transfer surface area to a value that is typical of
existng, smaller ACFB combustors as shown in Figure 12. Figure 13 compares the division
wall design with alternative large scale ACFB combustor designs.

Other advantages of the full division wall include:

o More uniform temperature distribution in the ACFB. In comparison with a single chamber design,
the division wall will help to produce more uniform temperatures across the ACFB due to
the more even distribution of heat transfer surface throughout the combustor cross secuon.

*  Lowerunit height. A full division wall will allow combustor height to be constrained to that
required for the cyclones rather than that required to achieve the necessary waterwall surface.
Capital cost savings result by eliminating the need for additional structural steel, platforms
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and building enclosures. Reduced combustor height will also tvpically result in a lower stack
height.

Special design features included in the proposed fumace division wall include:

s Pressure Equalization Openings

Figure 14 illustrates the design of the division wall openings. From the furnace floor 10 a height
of about 12 ft., the fins between adjacent division wall tubes are removed. This allows the wbes
to be bumped sideways, in-plane, to form multiple openings. Additional openings are also
provided in the upper furnace over a 12 fi. span beneath the cyclone inlet. The openings in the
upper furnace are located beneath the cyclone inlets to minimize lateral cross-flow of solids
through the openings. The division wall openings function to equalize the pressure on both sides
of the division wall.

The pressure equalization openings eliminate differential forces on the division wall, which
simplifies the mechanical design. Also, a uniform air flow can be maintained across the width
of the unit. Excess oxygen in the flue gas can be monitored at a common location at the heat
recovery area exit and secondary air flow can be modulated to maintain the desired excess air
level. Independent monitoring and modulating controls for each side of the division wall are not
required.

o Wear Resistant Design

At the pressure equalization openings the division wall tubing is protected with the same high
conductivity, erosion resistant refractorv used on the lower furnace enclosure walls, roof,
cyclone inlet walls, and the cvclones. The phosphate-bonded, high-alumina refractory which
contains stainless steel reinforcing fibers is mounted on a high density stud pattern to a thickness
of 1/2 inch. All the tubes are kept in plan so as not to prorrude into the gas/solids flow smeam
for direct impingement. In this manner, the division wall will be no different from the water
cooled enclosure walls which also have openings for solids cooler drains and fuel, limestone,
and secondary air feeds.

o Differential Thermal Growth

The division wall is welded where it penetrates the air distributor and is held in tension by
springs fixed at the top of the unit. A gap is provided berween the division wall and the front
and rear walls of the furnace. Since the division wall is heated on both sides while the enclosure
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walls are heated only on one side, the average division wall tube temperature will be slightly
hotter than that of the enclosure walls. The support arrangement with no mechanical attachment
to the enclosure walls ailows both the division wall and the enclosure walls to independently
grow downward at their respective rates. Foster Wheeler has designed numerous steam-cooled
full division walls on puiverized coal fired steam generators. Steam cooled division walls have
more stringent design requirements for differential thermal growth than do water-cooled division
walls.

Solids Mixing / Feed Dismibug

Solid mixing plays an imporant role in determining the performance of ACFB combustors. As
the combustor scale increases, changes in several design parameters can affect how well the fuel
and sorbent are distributed in the combustor. Data taken from other commercial ACEFB plants
will be presented to show that poor solid mixing can result in inefficient plant operation and
higher plant operating costs.

Table 3 lists factors which are thought to influence the degree of solid mixing in the lower
region of ACFB's. These factors are placed in three categories: (2) mixing due to external solid
recirculation, (b) mixing due to internal solid recirculation, {c) mixing limitations caused by
solids feeder configuration and boiler dimensions.

Impact of Poor Solid Distribution

Table 4 lists the impacts of poor solid mixing / fuel distribution. Nonuniform fuel distribution
resuits in increased consumption of sorbent to achieve the same SOz emission level and may also
increase the NOx generation rate. With increased NOx generation, NH3 consumption increases
to achieve the same level of NOx emissions and the NH3 slip (flow of unreacted NH3) also
increases. When burning coals containing chlorine, greater NH3 slip increases the potential for
NH4Cl formation. Poor fuel distribution will also lead to a reduction in combustion efficiency
through increased hydrocarbon and CO emissions, and increased calcination heat losses.
Nonuniform fuel distribution may lead to oxygen deficient reducing zones that cause bed
agglomeration and slagging problems, and may produce local hot spots within the combustor.

Factors Affecting Sorbent Utilization

Table 5 lists a number of factors which are thought to influence sorbent utilization. The factors

include: sorbent and fuel properties, solid mixing, combustor temperarure, fuel and sorbent
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distribution, and cyclone grade etficiency. Important sorbent properties include the reactivity,
friability, and feed size distribution. These properties will help determine how long the

sorbent stays in the ACFB, how 1t 1s distributed between the lower and upper furnace, the extent
to which the parricle breaks apart to expose fresh CaQ, and the reaction rate. Important fuel
properties include: volatile content. reactivity, sulfur content and forms (organic, pyritic,
sulfaric), and feed size distributton. The firing rate per fuel feeder will determine the local
concenmation of fuel at the feeder outlet. Increasing the firing rate per feeder will (for more
volatile and reactive fuels) increase the reaction rate within this region, which will resuit in
zones of low O2 and high SOz gaseous concentratons and elevated local temperatures.
Combusior temperature plays an important role due to the strong dependence of the sulfur
capture reactions and combustion reactions on temperature. Sorbent distribution is also
important to ensure a uniform concentration of unreacted CaQ in the ACFB at the location
where the SOz is released. The extent of solid mixing in the ACFB will help determine how
well the fuel and sorbent are dismbuted. Finally, a cyclone with high capture efficiency for
fines will retain the fine unreacted sorbent particles in the ACFB longer to react more
completely. It should be noted that the YCEP ACFB boiler has a relatively short mixing zone. a
distinct lower furnace bed that uses relativley coarse fuel and sorbent, as well as air swept fuel
distributors, which promote more effective mixing in the fumace.

Comparison of York Feed Distribution Design with other ACTB's

Figures 15(a) and (b) compare the fuel feed distribution system designs of several existing
ACFB's with the York design. In the first, the effectiveness of the fuel distribution systems are
compared by representing each unit as a point on a graph of average firing rate per feeder (total
firing rate/number of feeders) vs. upper combustor area per feeder. In the second, a comparison
is made on a plot of average firing rate per fuel feeder vs. grid area per fuel feeder. ACFB
combustor designs located toward the top and toward the right hand side of these figures should
have greater mixing limitations and (other things being equal) would be expected to have less
efficient SOz capture and higher limestone requirements. The shift in the relative arrangement
of these units from Figure 15(a) to Figure 15(b) is due to different rarios of combustor area 10
grid area in different vendor's ACFB designs. The York(8) design with eight front wall feeders
was improved upon by the addition of four back wall fuel and sorbent feeders. The
improvement in the fuel distribudon by adding four back wall feeders to the York ACFB design
is evident by comparing the points labeled York(12), which includes the back wall feeders, and
York(8) which does not.
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Operaiing data taken at several other ACFB plants clearly shows that the fuel distribution can
have a dramatic affect on the sorbent utilization efficiency (Ca/S ratio) while maintaining the
same firing rate and sulfur capture. A parameter which quantifies how uniform or non-uniform
the fuel is fed is simply the average firing rate per fuel feeder. Generally, the Ca/S rato
increases as the firing rate per feeder increases (or the number of feeders is reduced while
maintaining the same total firing rate). Figure 16 shows sample data taken at an ACFB cogen
facility. Ca/S molar ratio is piotted against average firing rate per feeder for two combustor
temperatures and three different feeding configurations. In configuration (1) the fuel is evenly
split between the two front wall and single loop seal feeder in the rear wall. In configuration (2),
the fuel flow is split between the two front wall feeders. And in configuration (3), 100% of the
fuel is fed through the rear wall loop seal. The unexpected drop in Ca/S ratio upon changing
from configuration (2) to (3) is thought to be due to the much improved solids mixing and
distribution resulting with loop seal feeding due to the large momentum flow of the recycie
solids. This data clearly shows the strong influence that fuel distribution is expected to have on
sorbent consumption. The YCEP design includes a retumn channel with multiple openings
communicating with the combustor for optimal distribution of the retum solids.

This and other data on the reduction in Ca/S ratio resuiting from improved fuel distribution in
several ACFB units buming similar types of fuel was used to estimate the potential reduction in
Ca/S rario due to addition of the back wall feeders to the YCEP project. A similar reduction in
Ca/S on the order of 20-30% would be expected.

n i i ion

Another design issue important to the successful scale up of ACFB combustors is the design of
the cyclone gas-solid separation system. As the size of the combustor increases, the mass flow
of gas and solids exiting the top of the combustor to the cyclones increases proportionally (given
same particle size, combustor height, etc.). One method of performing this separation with the
increased flow of particle-laden gas is to increase the size of the cyclone. Unfortunately, as the
cyclone size (diameter) increases the centrifugal force field is reduced (at the same gas inlet
velocity) and the particle collection efficiency deteriorates. In the absence of high solids
collection efficiency, smaller sorbent, carbon, and ash particles escape through the cyclone rather
than being recycled to the combustor with the cyclone underflow. This would result in
inefficient fuel and sorbent utilization and a reduction in inventory of particles capable of
circulating and wansferring heat. Another drawback of increased cyclone size is that the
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increased cycione height may dictate increased combustor height for the solids recirculation
system to function properly.

To enable high gas-solid separation efficiency with the YCEP ACFB boiler design the size of
the cyclones was held similar to that utilized in smaller units. However, to accommodate the
increased gas flow rate the number of cvclones was increased. The YCEP boiler will utilize four
cyclones arranged as shown in Figure 17.

The cyclone separator designs features steam cooling and is an integral part of the steam

superheat circuit. Steam cooling of the cyclones offers the following advantages:

» Faster unit start-up

¢ Reduced heat losses

» Reduced requirements for high-temperature refractory ductwork and expansion joints

Technical Innovation
The following section describes several innovative features of the ACFB systiem design:

INTREX™ Integrated Recvcle Heat Exchanger

The INTREXT™ heat exchanger is simply an unfired fluidized bed heat exchanger with a non-
mechanical means for diverting solids. It will take advantage of the high heat ransfer
coefficients for wbes immersed in bubbling fluidized beds and will also operate advantageously
with fine (200 micron) particles. Due to the fine recycle solids and the low fluidizing velocities
(0.5 to 1.5 fi/s), tube erosion will not be a concern. The INTREX™ heat exchanger allows for
part of the heat released in the combustor to be removed outside of the combustor. This method
of heat removal will eliminate the need for excessively tall combustors or the need to install
furnace panels which prowude into the erosive flow in the combustor and are subject 10
gxcessive wear.

The INTREX™ heat exchanger will be enclosed by the same water-cooled membrane
construction used in the furnace. The integrated configuration will allow it to grow downward
with the rest of the boiler steam/water pressure parts, minimizing differential thermal movement.
Placement of serpentine superheater coils within the recirculated solids flow path enables the
entire reheater to be located in a conventional parallel pass heat recovery area, Final main steam
temperature will be controlled by spray water attemperation, while reheat steam temperature will
be controiled by gas flow proportioning in the heat recovery area.
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FWEC has extensive experience in the design of atmospheric bubbling fluidized bed (BFB) heat
exchangers from the 46 BFB steam generators that it has designed and put into operation. Scale
up of the INTREXT™ BFR is not an issue since the main cell in the 130-MW Northern States
Power Black Dog unit is about four times greater in plan area than the largest INTREX cell in
the YCEP ACFB. The INTREX™™ heat exchanger will be divided into four cells.

POE Clean Coal I Demonstration Tests

In the demonstration test program proposed to the U.S. Dept. of Energy, a series of
demonstration tests were specified to evaluate FWEC's ACFB technology for large-scale electric
utility applications. The goal of the proposed test program is to determine the impact of
important operating parameters and fuel characteristics on the design, operation, and
performance of the ACFB facility and the costs of electric power production. Since the
proposed 250 MW, ACFB will become the largest single ACFB boiler in operation and even
larger capacity units are anticipated for electric utility applications, the results of this test
program will be important to both the technology evaluaton and the design of larger udlity-scale
ACFB's.

Specificaily, this demonstration program is designed to provide the following important
information:

e Demonstrate unirt start up and shut down capabilities and provide data
and experience on ACFB boiler operation during these ransients.

« Demaonstrate ACFR boiler dispatching capabilities and constrainis.

+ Demonstrate ACFB boiler operation at full-load conditions for extended periods and
continuous operation at pari-load conditions.

» Provide quantitative results from a systematic study on the effects of important operating
parameters and fuel characteristics on boiler performance which will aid in the optimum
economic design and operation of future units.

« Identify constraints governing fuel selection based on test results from four different fuels.

« Provide guidelines for inspection and maintenance along with information on maintenance
COSts,

Included in the test program are specific operating tests 10 evaluate the effects of the following
operating parameters on ACFB performance:
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» Fuel size and quality

» Sorbent size and quality

e Fuel and sorbent rates

+ Combustor temperature

» Excess air

» Primary/secondary air ratio

Specific boiler performance parameters to be quantified include:

» Boiler thermal efficiency

« Steam/Electrical Generaton Capacity

»  Ability to control sieam temperature and pressure
¢ Ash production and quality

+ Bed ash/ fly ash split

+ Unbumed carbon losses in bed and fly ash

« Stack emissions: NOx, SO2. CO, VOC and particulate
+ Power consumption of auxiliary equipment

+ Percent SO2 capture and C&/S ratio

+ Conuol of bed inventory

« Combustor temperature profile

Tests are proposed for four different coals: the design coal (basis for combustor design) and
three test coals having different properties from the design coal. The purpose of performing
tests with coals having properties which differ from the design coal is to determine what range
of coal properties can be utlized and the impact of fuel characteristics on the performance and
operating economics of the ACFB. The same sorbent material would be used throughout all of
the tests.

[n addition to performing tests at 100% maximum continuous rating (MCR), tests would be
performed to demonstrate operation of the boiler and other ACFB system components during
start-up, shutdown, and dispatch of the facility. To demonswate the capability of the system, a
30-day test with the boiler operating at a minimum of 96% MCR is proposed.

Envirenmental Considerations

The YCEP Cogeneratton facility will be equipped with the necessary air pollution control
equipment 10 meet the BACT determination.

ALL 1 i

Under the Clean Air Act Amendments of 1990, the York County, PA area is determined to be
marginally non-attainment for ozone. Other than ozone, there are no known ambient air quality
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problems in the immediate project vicinity. Sufficient prevention of significant deterioration
(PSD) increment is available for both SO2 and NOx which will allow for approval of the air
permit. Since the VOC emissions from the facility will be greater than 30 TPY, some VOC

offsets will be required to comply with the ozone non-attainment.

Based on recent PSD air quality permits issued by PA Department of Environmental Resources
(DER) Bureau of Air Quality for coal fired projects, the following minimum technical criteria
are anticipated for the Y CEP Cogen facility:

« Required SO2 reduction will be 92% or greater. This level of sulfur capture can be achieved
through addition of sorbent material to the ACFB.

» Required NOx reduction will be 50% or greater. This level of NOx abatement can be
achieved through use of selective non-catalytic reduction with ammonia.

+ Particulate emissions must not exceed 0.015 1b/MM BTU. Baghouse technologies will meet
this requirement.

« The facility will be equipped with a continuous emissions monitoring system (CEMS) to
monitor opacity, SO2, NOx, CO2, or O2, and flue gas flow rate.

Solid Waste Management

The combustion of coal in the ACFB will result in byproduct ash generation. The fly and bed
ash byproduct materials are dry and inert, consisting of a heterogeneous mixture of ¢coal ash,
calcium sulfate and calcium oxide. During full operation, a significant quantity of ash byproduct
will be generated. Pilot plant tests are currently being conducted to quantify expected volumes
of ash byproduct requiring disposal. Ash byproduct will be temporarily stored on-site in
enclosed silos having 2000 tons storage capacity, then transferred into enclosed 20-ton trucks for
transport to a location for beneficial reuse. Because of the ACFB ash byproduct's high lime
content, its concentrations of silicon, aluminum, and iron, and its pozzolonic propertes,
beneficial uses for the material can be found; these include studge stabilization agents,
agricultural soil additives, and road bed aggregate. Air Products has investigated and found
viable ash byproduct uses for the ash produced at two existing facilities which Air Products
owns and operates.
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Wasie Water Disposal

The YCEP project is designed as a low-discharging facility, through the efficient recirculation
and reuse of water in the process system. Waste water will be disposed of in two different
means. The majorty of facility wastewater will be discharged to Cordorus Creek from a
proposed new point source location. Flows to be discharged in this manner include utility and
process streams such as cooling tower blowdown, plant maintenance wastes, and storm water
runoff. The resulting discharge will be raw makeup water within which the naturally occurring
minerals (e.g., calcium, magnesium, sulfaie) have been concentrated due to the evaporation of
water in the steam process and cooling water systems. Remaining facility waste water (domestic
sewage and demineralizer regeneradon waste) will be treated at the York County Wastewater
Treatment Plant. Prior to discharge of these waste water streams, they wiil be combined in a
sump and adjusted for pH. The treated someam will then meet or exceed the existing York
County Wastewater Treatment Plant statutes and regulations, as well as BAT requirements.

Commercial Feasibility

Market Potgntial

The U.S. electric utility industry currently expects a market to develop, beginning in the next 10
vears, for 100- to 300 MWe power generation units as add-on capacity and for repowering or
retrofitting aging power plants. The YCEP project plant, rated at 227 MWe net, is sized to
demonstrate FWEC's ACFB technology near the high end of this range. The NISCO (120 MW)
project demonstrated FWEC's ACFB technology for petroleum coke at the lower end of this
scale. The design, construction, testing, scale-up success, and documentation of both costs and
operational experience with the YCEP Cogen project will provide utilities with informagon they
will need to plan to replace or retrofit existing units, or to install new generatng capacity in the
near future.

The YCEP Cogen project represents a substantial scale-up from the largest operating single
combustor ACFB. Upon completion of design, construction and start-up of the YCEP Cogen
facility, the Clean Coal Technology 1 Demonstration Program will provide a database on the
operating performance and cost from this unit. These tests will confirm performance
specifications, determine operating costs, and determine operating conditions which minimize
gaseous emissions. A database for the component material performance will also be compiled
during this test period. This Demonstration Test Program wiil provide utilities with sufficient

information to enable utilities and independent power producers to fairly and accurately evaiuate
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FWEC's ACFB technology and permit further application of this technology. Since inital
commercial orders would be very similar in design to the YCEP ACFB boiler, this would save
engineering, design, and construction time and help reduce costs and expedite
commercialization.

nclusi

The systematic and collaborative approach followed by Air Products and Foster Wheeler Energy
Corporation in the ACFB design and scale-up for the YCEP project will help guarantee the
success of this important demonstration project. The pilot plant test program being conducted
will serve to guarantee the performance of the commercial ACFB cogen plant. Furthermore, the
review of the scale-up issues and the integration of components in the system was completed and
new innovanons were incorporated into the ACEFB design. As a result of this development
effort, we hope to demonstrate that FWEC's ACFB technology can be unlized at the udility scale
(250 MWe) to reliably, economically and efficiently produce electricity and steam from U.S.

coal reserves while having minimal impact on our environment.

3-22 Clean Coal Technology Conference Proceedings



‘Aunoed
uabon pasodoid siouped ABlauz Ajunon YioA ‘L @inbi4

3-23

Clean Coal Technology Conference Proceedings



N

_‘"f_

NN T

311s waOn_Ocn_
'SHINLHVJ ADHINT -
ALNNOD v_mo.r

... o _,w\\._...._ s
TN ONe YIS Ty o O AMEHO)
f 6 h—n—.mcaa_ 3. s1ama) [ L))

,

- ....._____:.\m.
nes)

\ zo_f_. ans.. e
oo oSNQ¥F
L _\dMH, \\A/\i uw/f/yur_:._.:,._._.m.“ ..w.._” .

g -
o~ "

! o A2t ;F

SNOILYH3IJO ALIN0T00
Haxva ‘3 r

RN S
, 17
\\“.. - fon L ,v.__.....”._ ) V _ ﬁ@ .

. aqaxel - SN N X ‘
.u@_;_._. " .v; . \Vw\ o SN w .

-

T «. / ,..,_Ua.. ' _..m-h E } \.\. A . ' .;._.__... R P — at -~ oS .I.J ..u .n.. M ,.. A ‘,/ ~.
R ”,,_ : . , [ . a / __.__. \. - - O \ e | H __ ./\u )

N,

Clean Coal Technology Conference Proceedings

3-24




N
PR
N\ /

/ 1
I
s
SR Bl

o

opeurs T
,:Ew:..s;.a. '

I ! FRRRTUE R

- * y I
Py gy .
Gipey __
. - .
) Dy w
" - see, 2 T s

31IS 43S0d0OUd
SUIANIHVd ADHINI
ALNNOD MHOA

-
R .

He

(R RIRIAY]
Y REUNY Il |

5]

i
/

SNOILVH3dO ALwo10d, /-
Hava I A

. L)
J_._?f.:,_. .

. 1

( 1

v \ ey

/
o
/ ;

f \ o m ..N,

i)
Hoetr

\ _.
/,.. An.
* NOLLyLSENS

[} 5
e NOSXQVL - .

| .
, A o' a (1 et T

B -
h .Jt\\ s |
e e T f
’ B N N :
c— . A I
T )
- o - i M .
n
’ i i

S
SN S
‘ P ._.ﬁur:.:m. R
v LTy

(hry

3-25

Clean Coal Technoiogy Conference Proceedings




TH ey
i ) )

r r =

ERELCIEEA ] &Y 11




Table 1

YCEP Project Summary

Title:

Proposer:
Location:

Technology:

Applications:

Fuel:

Size:

Steam Host:

Project Cost:

DOE Funding:

York County Energy Partners
Clean Coal Technology Round |
Cogeneration Project

Air Products & Chemicals, Inc.
York County, PA

Atmospheric Circulating Fluidized
Bed Combustion

Utility and Industrial Electric
Power/Steam Generation,
Repowering Existing Boilers or New
Plants

Low Sulfur Western PA, MD,
or W. VA Bituminous Coal

227 MWe net to Met-Ed
1,725,000 PPH/2500 psig/1005°F
Main Steam, 1,400,000 PPH/442
psig/1005°F Reheat Steam

J. E. Baker Co., York, PA
50,000 PPH Steam

Greater than $ 300 Million

$ 75 Million
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Table 2
York County Energy Partners Project Schedule

Major Milestones Start Date Completion Date
Submit Proposal Oct., 1991
Negotiate Power Dec. 10, 1991 Mar. 6, 1992
Purchase Agreement

PUC Approval Nov. 1, 1992
Environmental Dec. 2, 1991 Dec. 15, 1993
Permitting

Close Financing Dec. 16, 1993
Prelim. Engineering Oct. 1, 1992 Dec. 31, 1993
Design Engineering Mar. 29, 1993 Apr. 14, 1994
Equipment Feb. 18, 1992 Feb. 14, 1995
Procurement

Boiler Steel and Sep. 1, 1994 Sep. 13, 1996
Boiler Erection

Initial Plant May 21, 1996 Sep. 24, 1996
Check Out

Synchronize with Feb. 7, 1997 Feb. 13, 1997
Grid

Performance Test Feb. 14, 1997 Feb. 28, 1997
Commercial Operation Mar. 3, 1997
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Table 3
Factors Affecting Solid Mixing

[ External Solid Recircuiation

. Gas Velocity at Grid

. Fine Solids Residence Time Based on External
Recirculation

. Solid Particle Size (Attrition, Cyclone Efficiency, Feed
Size)

. Momentum of Return Solids Flow and Number of Return
Points

. Primary/Secondary Air Split

- Secondary Air Elevation

] Internal Solid Recirculation

. Fine Solids Residence Time Based on Internal
Recirculation and Retention in Lower Bed

. Combustor Geometry - Front/Back Wall Taper

. Grid Nozzle Design

Il Solid Feed Configuration
. Feeder Location (Wall, Loopseal)

. Combustor Depth
. Feeder Spacing
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Table 4

Impact of Poor Solid Mixing

. Limestone Consumption increases
« NOx Generation Increases
NH3 Consumption Increases
NH3 Slip Increases
NH4Cl Formation Potential Increases
. Combustion Efficiency Decreases
Agglomeration

Slagging

Clsan Coal Technology Confersnce Procesdings
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Table 5
FACTORS AFFECTING SORBENT UTILIZATION

. Sorbent Properties
Reactivity
Friability
Feed PSD

. Fuel Properties
Volatility
Reactivity
Sulfur content & forms
Feed PSD

. Combustor Temperature

. Firing Rate per Feed Point
Local 02 Concentration
Local SO2 Concentration
Local Temperature

+ Sorbent Feed Distribution

. Solid Mixing in Lower Furnace

. Cyclone Efficiency
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COAL GASIFICATION -
AN ENVIRONMENTALLY ACCEPTABLE COAL-BURNING
TECHNOLOGY FOR ELECTRIC POWER GENERATION

Paul R. Thibeault
Lawrence J. Peletz
Herbert E. Andrus, Jr.

INTRODUCTION

Combustion Engineering Inc. (CE) recently received approval from the federal Department of
Energy (DOE) to proceed with the design of a $270 million integrated coal gasification combined
cycle (IGCC) repowering project with City Water, Light & Powerin Springfield, Illinois (CWL&P).

The project, which will provide the utility with a nominal 65 MW of electricity, will demonstrate
a gasification system specifically designed for use by the electric utility industry -one that is similar
in many ways to today’s pulverized coal-fired steam generators.

The use of standard boiler practices means the plant will be operated like a standard, pulverized coal
power plant. Upon completion of the CWL&P project, CE intends to offer the same IGCC process
on a commercial scale. The CWL&P project will demonstrate all major IGCC subsystems,

including:
. Coal feeding system
. CE’s advanced air-blown coal gasification
. Advanced method of coal gas cleanup
. A conventional combustion turbine appropriately adapted to utilize low-Btu coal
gas as fuel.
. The integration of the combustion turbine with the existing plant system to provide

a complete, combined cycle operation.
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Market Forces

In the United States, coal is currently used to produce approximately 55 percent of the country’s
electricity. With amendments to the Clean Air Act now firmly in place, coal-burning electric
utilities throughout the country must comply with increasingly stringent environmental regulations.

Coal gasification is a process in which coal is used to produce a clean fuel gas which, in turn, is
burned to produce power. Because most pollutants (such as sulfur) are removed prior to the
combustion process, the fuel gas can be burned in an environmentally acceptable manner.

As a result, “clean coal technologies” like coal gasification are now being proposed as viable
alternatives to traditional coal burning power plants.

The federal Department of Energy (DOE) forecasts that coal will maintain its dominance in power
generation and that after 2005 significantly more than 50 percent of the growth in electricity
generation will come from coal-fired plants.

For IGCC, the potential repowering market is large and includes many existing utility boilers
currently fueled by coal, oil or natural gas. According to the DOE, 44 percent of the U.S. coal-fired
capacity will be 30 years old or older by the year 2000. In addition to a greater, more cost-effective
reduction of SO, and NO_emissions, net plant heat rate can also be improved.

D o0 Proi

The CWL&P project will demonstrate IGCC by repowering one of the utility's existing Springfield
plants. The project duration is scheduled to last 126 months, including a five-year demonstration
period.

The project will repower CWL&P’s Lakeside station and provide an IGCC power plant with low
environmental emissions and high net plant efficiency. It will increase the original plant output to
provide a total IGCC capacity of a nominal 60 MWe. Nearly half of the project is being funded by
the DOE, under the Clean Coal II Program, while CWL&P, the State of Illinois, and CE will fund
the rest.

The most important aspect of the CE system is that it does not require the oxygen plant common
to many of today’s coal gasification systems. Instead, it will use CE’s air-blown gasification
technology, which is similar in many ways to the technology most common to electric utilities
throughout the world -pulverized coal (PC) fired boilers.

Clean Coal Technology Conference Proceedings



Gasification Devel

In an integrated electric power plant application, the gasification system is part of a two step coal
combustion process. In the first, or gasification step, the coal is partially reacted with a deficiency
of oxygen to produce a fuel gas which is then cleaned before it is burned in a boiler and/or gas
turbine.

Functionally integrating the gasification plant with the combined cycle plant at the CWL&P facility
will require the interchange of steam and boiler feed water between the plants and the sharing and
linked operation of many plant utilities and auxiliary systems.

The CE gasification process will provide more than 95 percent energy conversion efficiency in the
gasification portion of the plant, from raw coal input to energy output, in the form of usable steam
and clean fuel gas. The system is applicable to all coals, including high-sulfur, caking coals.

e . ion

While there are essentially two types of coal gasification -oxygen-blown and air-blown - most
current gasification development has focused on the oxygen-blown technology. Oxygen-blown
gasifiers were developed by the chemical/petroleum industry to produce a medium-Btu synthesis
gas for further processing into alternative fuels (e.g. synthetic natural gas and methanol).

CE anticipates that its air-blown technology demonstrated at CWL&P will be simpler and less
expensive than an oxygen-blown plant, because the system (1) eliminates the need for an oxygen
plant and (2) uses a hot gas cleanup technology instead of the traditional low temperature gas
cleaning equipment.

The result will be a lower cost of energy, since the parasitic power required to operate the oxygen
plant and gas cleaning equipment is reduced, thereby reducing the overall heat rate and increasing
the plant’s net efficiency.

In addition, CE’s system will produce a low Btu gas that burns at lower temperatures, which reduces
the formation of nitrogen oxides (NOx) in the gas turbine and improves the system’s overall
environmental impact. According to manufacturers, this low-Btu gas can be burned in ail major gas
turbines for integrated gasification combined cycle (IGCC) applications.

i ificati

In the early 1970’°s CE evaluated numerous gasification processes and determined that a two-stage,
entrained-flow, air-blown, slagging bottom gasification process would be best for utility power
generation applications. In 1974, CE began a study which ultimately led to the development of an
atmospheric pressure version of the entrained-flow coal gasification system.
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The process was developed in a Process Development Unit (PDU) located in Windsor, Connecticut.
The unit gasified Pittsburg seam coal at a nominal firing rate of 120 tons per day (TPD). The project
met its planned objective to produce clean, low-Btu gas from coal and provided the design
information for scale-up to commercial-size plants.

The CE process at CWL&P will use an entrained flow, two stage, slagging bottom gasifier. Figure
1 shows a schematic of the gasifier concept and Figure 2 shows the main components of gasifier
island. Some of the coal and all of the unburmed carbon and ash (called char) is fed to the combustor
section while the remaining coal is fed to the reductor section of the gasifier.

—» Haw Gas

= Air-Blown

+» Entrained Flow

Clean
» Staged Reactant ol Fusl
oal{ Coal Coal o Char H,S Gas

or —+1swrage[™| Pulv. Gasifier FTHemova Nemova

‘ =) L

Recycle

Pulverized
Coal

Figure 2. Gasifier Island

R i
Air —=[Combustor] Recycled

J Char

Molten Slag

Figure 1. CE Gasifier

The coal and char in-the combustor mix with air and the fuel-rich mixture is burned, creating the
high temperature necessary to gasify the coal and to melt the mineral matter in the coal. The slag
flows through a slag tap at the bottom of the combustor into a water-filled slag tank where it is
quenched and transformed into an inert, vitreous, granular material. This slag is non-leaching,
making it easy to dispose of in an environmentally acceptable manner.

The hot gas leaving the combustor enters the second stage called the reductor. In the reductor, char
gasification occurs along the length of the reductor zone until the temperature falls to a point where
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the gasification kinetics become too slow. Once the gas temperature reaches this level, essentially
no further gasification takes place and the gases subsequently are cooled with convective surface
to a temperature low enough to enter the cleanup system.

Thus, nearly all of the liberated energy from the coal that does not go into producing fuel gas is
collected and recovered with steam generating surface either in the walls of the vessel or by
conventional boiler convective surfaces in the backpass of the gasifier. This boiler style design
provides for recovery of coal energy as either fuel gas or steam (for use in a steam turbine to generate
electricity).

The charis carried out of the gasifier with the product gas stream. The charis collected and re-cycled
back to the gasifier, whereitis completely consumed. Thus, there is no net production of char which
results in negligible carbon loss.

The product gas then enters a desulfurization system where it is cleaned of any sulfur compounds
present in the fuel gas. The clean fuel gas is now available for use in the gas turbine combustor for
a combined cycle application.

i nd F m

The CE coal preparation and feed systemis designed to pulverize crushed coal, dry and heat it, feed
it through a pressure barrier, and meter it into the gasifier. The system utilizes lock hoppers to
overcome the pressure barrier and a pressurized feed bin with metering devices to feed pulverized
coal into the gasifier’s fuel lines.

Transport gas will be used to convey the coal to the gasifier, The system extends from the inlet of
the raw coal feeder to the inlets of the gasifier (See Figure 3 for the system schematic).

Crushed coal will be taken from the raw coal binand metered into a pulverizer by theraw coal feeder.
The pulverized coal will be dried and conveyed to a separation system positioned above the feed
system to promote a gravity flow into the various feed system vessels.

The coal continues to flow by gravity to areceiving bin, and then into one of two lock hoppers. Each
lock hopper will be capable of pressurizing its contents from atmospheric pressure to the gasifier’s
operating pressure and discharging the contents into a feed bin which remains at this pressure.

The lock hoppers will operate in sequence. As one fills with coal, the other will dump coal into the
feed bin. The feed bin, which will operate at a pressure higher than the gasifier’s, will provide an
inventory of coal which can be metered into the gasifier.

An alternate coal feeding system, which is being considered, involves the use of a kinetic extruder,
developed by Lockheed. This device will feed coal through the pressure barrier and into the feed
bin.
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Figure 3. Coal Preparation and Feed System

Char Removal System

The char removal system will improve the IGCC’s efficiency by removing the char in the product
gas stream and returning it to the gasifier. Two particulate removal devices will operate in series.
The first is a cyclone which is followed by a barrier filter. The cyclone removes the larger size
particles, while the barrier filter removes the rest. The cyclone can be either a single- or two-stage
series, while the barrier filter may be of any of the new technologies available.

The leading candidate for the barrier filter is a design similar to a conventional baghouse, but with
an advanced high-temperature material for the bags. With the baghouse concept, the particles are
collected on the outside surface of the bags. To remove the particles, a pulse-jet cleaning system
is employed. This pulse jet system is integral with the baghouse. The cleaning cycle is established
by monitoring the pressure differential across the collector. When a target pressure differential is
reached either all or some of the collecting elements are cleaned. The particles collected by the
cyclone and baghouse are then discharged into a char receiving bin,
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Char Recygle System

The char collected from the product gas stream is re-pressurized and fed back into the gasifier.
Transport gas is used to convey the char to the gasifier (Figure 4).
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Particulate Removal

Product Gas

Char
Level Bin Char Cooler
and
Receiving Bin
Char Lockhoppers

Vent

Pressurizing

4— Gas
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To
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Transport | >
Gas -

Figure 4, Char Recycle System

The reclaimed char is deposited into a receiving bin and flows by gravity into one of two char lock
hoppers, where itis pressurized and gravity-fed into acharfeed bin. These lock hoppers also operate
in sequence, with one filling while the other discharges into a feed bin. From the feed bin, char is
metered, mixed with transport gas, and conveyed through char feed lines to the gasifier.

Hot Gas Cleanup

The CE gasification process is compatible with both conventional hot gas cleanup systems and those
currently under development. The CWL&P project will include the design and demonstration of
a system developed by General Electric’s Environmental Services Inc. (see Figure 5).
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Figure 5. Sulfur Removal System

The removal system will feature a newly developed moving-bed zinc ferrite sulfur removal system
downstream of the gasifier. CE intends to use the GE moving bed, zinc titanate moving bed, hot
gas desulfurization and particulate removal system currently being piloted by GE. The process data
from the pilot test will be used to design a full-scale system at CWL&P.

The CWL&P hot gas cleanup system will use the full fuel gas flow at 20 atmospheres psig with an
outlet temperature that will range from 850 to 1150 degrees Fahrenheit.

Fuel gas derived from coal contains sulfur, mainly in the form of H2S with some COS. Mixed metal
oxide components can react with the gaseous sulfur species forming regenerable metal sulfides
under reducing conditions in the temperature range of 800 to 1200 degrees Fahrenheit. GE’s
patented moving bed process includes the regeneration of a sorbent material.

At CWL&P, the scaled up version of the GE system is expected to achieve:

. Greater than 99 percent overall sulfur removal at full gasifier operating conditions.

. A reduction of concentrated particulates to levels acceptable for gas turbine and
NSPS requirements.

. Minimized net consumption of sorbent.
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. Production of an 8O,-rich tail gas suitable for conversion to sulfuric acid, elemental
sulfur or disposable waste.

] . , tbi
CE’s air blown process is compatible with both current generation gas turbines, as well as those
presently under development.

Atthe CWL&P plant, the gasifier’s low Btu gas (LBG) will be burned in a standard General Electric
Frame 6 gas turbine, modified for low-Btu gas. The turbine will also fire natural gas during start-
up. Projected performance for the plant is shown in Table 1.

Table 1
Project Performance Summary
1SO WSSF 95°F WSF
Coal to Gasifier (TPD) 580 650 586
Combustion Turbine Power (Mwe) 33 38 33
Steam Turbine Power (MWe) 32 33 36
In-Plant Use (Mwe) 5 9 9
Net Power (Mwe) 60 62 60
Heat Rate (Btu/Kw) 8800 9100 9500

Inrecent years, the perception of supply limitations and increasing costs of conventional clean fuels
like oil and gas has renewed interest in coal and other solid fuels in combined cycle operations.
Recent advances in gas turbine design are establishing new levels of combined cycle plant
efficiencies and providing the potential for a significant shift to gas turbine solid fuel power plant
technologies.

These new efficiencies can economically deliver superior environmental performance. Asaresult,
the combined cycle process has become so efficient that it can incorporate coal gasification and stiil
deliver superior cycle efficiency.

New gas turbine combined cycles firing natural gas can operate on clean fuel at 54 percent (LHV)
net thermal efficiency. Given this level of performance, a 7900 Biu/kWhr (HHV) heat rate can be
demonstrated withIGCC technology today. The CE performance projections in Table 2 incorporate
current generation combined cycle technology.
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Table2
Coal Gasification Combined Cycle
Potential Performance

Steam Turbine (MW) 100
Gas Turbine (MW) 150
Plant Auxiliary Power MW) 15
Total Net Power (MW) 235
Net Plant Heat Rate (BTU/KW-HR) <8000
SO, Emissions (LB/MMBTU) <(.1
NO, Emissions (LB/MMBTU) <0.1
Particulate Emissions (LB/MMBTL) <0.03

The IGCC process at CWL&P will separate the ash as an inert slag, convert virtually all the carbon
in the gasifier, and remove 99 percent of the sulfur. The resultant coal gas is an excellent fuel for
standard production gas turbines. Most conventional turbines require only burner modification for
use in an IGCC system.

For the CE air blown system, air extraction is provided to allow the fuel to pass through the standard
turbine without raising the pressure above the compressor surge margin. The air extracted is used
to pressurize the gasifier, which also maintains balanced turbine flows.

Gasification Process Advantages

CE has considerable experience in building reliable entrained flow pulverized coal boilers. As
previously noted, the use of standard boiler practices means the plant will be operated like a standard
coal fired power plant - an important consideration for electric utilities. The design provides for fast
load following similar to a pulverized coal boiler. This allows an easier start-up from cold and hot
status. The process provides many other advantages for high-efficiency electric power production,
including:

. A gasifier that is well-suited for scale-up to the sizes required to achieve economy
of scale in large power plants.

. All types of coal can be processed without special pre-treatment.

. Virtually all char produced is consumed. There is no net char production and carbon

loss is negligible.
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. Ash disposal is minimized by fusing the ash into a molten slag in the gasifier. After
water quenching, the coal ash is in its most acceptable form for disposal.

. CE’s gasifier does not produce unwanted tars and oils in the product gas.

. The use of air in the gasifier eliminates the complexities and high cost of an oxygen
separation plant and significantly lowers the plant’s capital and operating costs.

. Extremely low 50x and NOx emissions.
’ ign In mbi | ion

The integrated gasification combined cycle system at CWL&P will have two major equipment
blocks (Figures 6 and 7):

. The air-blown gasifier, including coal preparation and feed, gasification and gas
cleanup.
. The combined cycle plant, which includes the gas turbine which burns the clean fuel

gas to produce electricity; and exhaust heat recovery boilers, which power tradi-
tional high efficiency steam turbines that generate additional electricity.

Integrated gasification combined cycle is considered to be one of the cleanest, most efficient
alternatives for producing electricity from coal. Compared to a conventional coal-fired power plant
equipped with scrubbers, an IGCC power plant will:

. Reduce emissions associated with the creation of acid rain to Ievels far below federal
clean air standards, exceeding the performance of conventional coal combustion and
cleanup (scrubber) technologies.

. Minimize CO, emissions by maximizing plant efficiency.

. Minimize the solid waste volume normally associated with scrubber technology.
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Figure 6. Simplified IGCC
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Figure 7. CE IGCC Flow Diagram

In addition, IGCC is expected to provide electricity at a cost that is competitive with pulverized coal
power plants that meet federal clean air standards.

As each major equipment section is completed, it will be brought on line to produce power. To
facilitate startup of the IGCC, the combined cycle equipment will be installed, checked out, and
brought into cormmercial service first. The complete operation of this equipment will make the plant
a combined cycle fired on natural gas. All the equipment will be checked out and operated prior
to the start-up of the gasification plant.

The other major block of equipment will be the fuel gas island, including the gasifier and hot gas
cleanup equipment sections. When this equipment is put into operation, the plant will be a full
integrated coal gasification combined cycle plant. The overall project timetable is shown in Figure
8.
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Figure 8. Combustion Engineering IGCC Repowering Project - Schedule and Budget

CONCLUSION

Despite energy conservation efforts throughout the country, future electricity use is expected to
grow in all consumption sectors - residential, commercial and industrial. In addition, coal is
expected to remain the dominant source of fuel in the United States. As aresult, IGCC is expected
to become a new technology of choice for the power industry because of its ability to:

. Reduce emissions from the coal based power generation currently associated with
acid rain.

. Produce clean, efficient energy while minimizing solid waste disposal require-
ments.

. Operate at greater thermal efficiencies than scrubber-equipped, coal-fired plants,
reducing CO, emissions and cutting fuel costs.

. Provide an efficient technology that can be applied to both new plants, orrepowering
existing facilities.

. Provide a clean, efficient way to use coal, the nation’s most important domestic
€nergy source.

. CE’s IGCC system is aimed specifically at meeting the needs of the electric power
industry.
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TOMS CREEK IGCC DEMONSTRATION PROJECT

ABSTRACT

The Toms Creek Integrated Gasification Combined Cycle (IGCC) Demonstration Project was
selected by DOE in September 1991 to participate in Round Four of the Clean Coal Technology
Demonstration Program. The project will demonstrate a simplified IGCC process consisting of
an air-blown, fluidized-bed gasifier (Tampella U-Gas), a gas cooler/steam generator, and a hot
gas cleanup system in combination with a gas turbine modified for use with a low-Btu content
fuel and a conventional steam bottoming cycle. The demonstration plant will be located at the
Toms Creek coal mine near Coeburn, Wise County, Virginia. Participants in the project are
Tampella Power Corporation and Coastal Power Production Company. The plant will use 430
tons per day of locally mined bituminous coal to produce 55 MW of power from the gasification
section of the project. A modern pulverized coal fired unit will be located adjacent to the
Demonstration Project producing an additional 150 MW. A total 190 MW of power will be
delivered to the electric grid at the completion of the project. In addition, 50,000 pounds per
hour of steam will be exported to be used in the nearby coal preparation plant. Dolomite is used
for in-bed gasifier sulfur capture and downstream cleanup is accomplished in a fluidized-bed of
regenerative zinc titanate. Particulate clean-up, before the gas turbine, will be performed by
high temperature candle filters (1,020°F). The demonstration piant heat rate is estimated to be
8,700 Btu/kWh. The design of the project goes through mid 1995, with site construction
activities commencing late in 1995 and leading to commissioning and start-up by the end of
1997. This is followed by a three year demonstration period.

INTRODUCTION

The Coastal Corporation is in the energy business and the Coastal Power Production Company
(Coastal Power) is specifically in the power production business. As a power producer, Coastal
Power is interested in more efficient energy production using fuels such as coal while
simultaneously reducing emissions. An IGCC power plant would accomplish both these goals.
Tampella Power, Inc. (Tampella Power) is developing a simplified IGCC process applying the
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U-Gas gasification technology developed by the Institute of Gas Technology (IGT) and an
advanced hot gas clean-up system. An extensive research and development program is underway
at Tampella Power on major aspects of the IGCC process. A pressurized gasification pilot plant
of 10 MW thermal input was commissioned in October 1991 in Tampere, Finland, and an
ambitious test program has been going on since. Over 550 hours of gasification test were logged
up to the end of May '92.

Tampella Power’s IGCC concept incorporates the pressurized fluidized-bed gasification of
different solid fossil fuels, applying air-blown gasification and hot gas clean-up integrated into
a power (and heat) generating combined cycle. This type of IGCC-system has the advantages
of higher power generation efficiency, high power to heat ratio for cogeneration, excellent
environmental performance, simple plant configuration and modularity. The investment cost of

the simplified IGCC is moderate while it enjoys the availability of abundant solid fuels.

The Demonstration Project site is at the existing Tom’s Creek coal mine near Coebumn, in
southwest Virginia. The plant location is close to the existing coal preparation plant. The site,
coal reserves and the fuel preparation plant are owned by a subsidiary of the Coastal
Corporation. The IGCC section of the power plant consists of a 430 ton/day U-Gas gasifier
complete with hot gas clean-up equipment feeding a gas turbine converted to burn the low-Btu
content fuel gas (typically LHV 130 Btu/scf) before exhausting to a heat recovery steam

generator.

To meet the economic requirements of the project Coastal Power will build a nominal 150 MW
pulverized coal power plant at the same site. The steam turbine will be common to the
demonstration project and to the PC boiler to achieve some economics of scale for the project.
The IGCC section of the plant will produce 55§ MW electric power, and the total nominal output
of the plant will be 205 MW.
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PROJECT TEAM STRUCTURE

Tampella Power Corporation and Coastal Power Production Company have formed a general
partnership called TAMCO Power Partners for the execution of the demonstration project (See
Figure 1.). Tampella Power Corporation of Williamsport, Pennsylvania is a subsidiary of
Tampella Power Inc., a major international supplier of chemical recovery boilers, fluidized bed
boilers and air pollution control equipment. Tampella Power will provide the coal gasification
plant for the project and will commercially develop the demonstrated technology. Coastal Power
Production Company of Roanoke, Virginia is a subsidiary of The Coastal Corporation, which
is a natural gas, coal, oil and independent power production company with annual revenues in
1991 of over $9.5 billion. Coastal Power has three (3) operating natural gas combined cycle
plants in operation with a total output of 330 MW. Coastal Power will design, construct, and
operate the power plant. Other Coastal subsidiaries will provide the site, fuel, and ash disposal
facilities for the project. The TAMCO General Partnership Agreement provides for the
commercial terms between the partners, including site lease, coal supply, coal gas and steam
sales, utility services and performance for the gasification system. The partnership is also the
interface to the DOE and is the signatory of the Cooperative Agreement.

DOE

TAMPELLA COASTAL POWER
POWER PRODUCTION
CORPORATION COMPANY

! TAMCO
POWER PARTNERS

TOMS CREEK IGCC
DEMONSTRATION PROJECT

Figure 1. Toms Creek Project Team
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THE U-GAS TECHNOLOGY DESCRIPTION

The U-Gas process is a pressurized fluidized bed coal gasification process which produces low
to medium Btu content fuel gas from a vanety of feedstocks including highly caking, high sulfur,
and high ash coals. A simplified schematic diagram of the U-Gas gasifier is shown in Figure

2.
FUEL DOLOMITE
FEED FEED
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GASIFIER PRODUCT GAS
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Figure 2. The U-Gas Process Gasifier
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The Gasifier

The crushed (%" x 0) coal is first dried to below 5% moisture in a dryer. The coal and
dolomite are then fed to the lockhopper system before being fed pneumatically to the gasifier.
Within the fluid bed gasifier the coal is cracked, devolatilized and gasified with the fluidizing
medium of air and steam. The coal reacts with air and steam at a temperature of 1,650-1840°F.
The temperature within the bed depends on the type of coal and is controlled to maintain non-
slagging conditions for the ash. Coal is gasified rapidly in the gasifier and produces a gas
mixture of carbon monoxide, carbon dioxide, methane, hydrogen, water vapor and about 50%
nitrogen, in addition to hydrogen sulfide, ammonia, and other trace impurities. In the reducing
environment of the gasifier nearly all of the sulfur present in the coal converts to hydrogen
sulfide before it reacts with dolomite.

The fluidizing gas is introduced into the reactor through the gas distributor piate and through the
ash discharge device. The U-Gas feature of controlling the oxidizing zone achieves a low level
of carbon losses which enables a very high overall carbon conversion of higher than 97%. The
fines elutriated from the fluidized bed are separated from the product gas in two stages of
external cyclones. The fines from both stages are returned to the fluidized bed. The product
gas is virtually free of tars and oils due to the relatively high temperature in the upper stage of
the gasifier (1,840°F).

Sulfur removal system

The main sulfur compound in the gasifier gas is hydrogen sulfide. In Tampelia Power’s IGCC
process desulfurization is accomplished in two stages, which results in a total sulfur removal of
over 9% (See Figure 3).

The bulk of sulfur is removed in the fluidized bed gasifier by means of dolomite. Hydrogen
sulfide reacts with calcium carbonate and/or caicium oxide forming calcium sulfide. This
compound is unstable and has to be stabilized. This is accomplished by oxidizing it to calcium
sulfate within the gasifier for safe disposal.
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Figure 3, Hot Gas Clean Up Flowsheet

Regenerable Zn/Ti-based sorbents will be used for the post-gasification stage sulfur removal.
Tampella Power has developed a two fluidized-bed reactor system for the sulfidation-
regeneration cycle. Fuel gas is contacted with Zn/Ti-sorbent in the first reactor, where sulfur
is captured by zinc oxide (sulfidation). Sulfided sorbent is regenerated in the second reactor
using air for oxidation and steam for temperature control of the highly exothermic reaction
(regeneration). The sulfur dioxide-rich regenerator offgas is recycled back to the gasifier to be
captured in-situ by dolomite.

Nitrogen Compounds
The fuel nitrogen in the coal forms ammonia and a smaller amount of hydrogen cyanide in the

gasifier, Since the gasification temperature is high in the U-Gas process, the ammonia is partly
decomposed in the gasifier. To reduce the ammonia/NOx conversion, a staged combustion
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system is used in the gas turbine, which is under development by several gas turbine

manufacturers.

Alkali M

Volatilized alkali metal compounds such as sodium and potassium chlorides and hydroxides are
formed in the gasification of coal. The alkali metal compounds in combination with sulfur are
harmful to the gas turbine blades, causing hot corrosion and deposition. In Tampella Power’s
IGCC process, the product gas is cooled to 1,020°F before the gas turbine. At this temperature
the alkali vapors will have condensed on the particles and will be removed by the candle filter.

Particle Removal

The bulk of the particles elutriated from the gasifier is removed from the gas stream in two
stages of cyclones. The dust loading of the product gas after the cyclones is typically 0.2 - 0.3
x 107 1b/scf. Rigid ceramic filters will be used for particle control. Silicon carbide filter
elements of candle shape have been developed and tested extensively and are considered to be
close to a commercial application. The candle filters are cleaned on-line by pulsing with

nitrogen or steam,

reenh

Greenhouse gases of main concern are carbon dioxide, methane and nitrous oxide. In the IGCC-
process methane produced during the gasification burns in the combustor of the gas turbine.
Nitrous oxide does not form in the reducing atmosphere of the gasifier and its formation is not
expected at the high temperatures encountered in the gas turbine combustor. The emission of
carbon dioxide cannot be totally avoided. The only way to reduce CO, emissions is to improve
the efficiency of power generation and this is one of the main features of the IGCC technology.
The Tom’s Creek Plant will have an efficiency of 40% and later plants have an aim of 47%,
resulting in an improvement of some 10-15% in terms of lower carbon dioxide emission.
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Overview of Process Development

The Toms Creek IGCC Demonstration Project utilizes the U-Gas coal gasification process,
which was developed by IGT in a multi-phase program beginning in 1974. The heart of the U-
Gas process is an air-blown, pressurized fluidized-bed coal gasifier. The development of this
process utilized knowledge from earlier low and medium-Btu content coal-to-fuel-gas projects
at IGT that date back to 1950. The U-Gas process feasibility was demonstrated initially using
metallurgical coke and char as feed in a low-pressure pilot plant. The pilot plant was
subsequently modified to feed coals, and trial tests were made with subbituminous and
bituminous coals. Eventually process feasibility was proved using high-sulfur content, caking
bituminous coal as feed, and data were developed for scale-up and design of a commercial plant.
Necessary environmental data were also collected and the reactor dynamic response was
investigated. This pilot plant had an operating pressure limitation of 50 psig. Due to interest
in high-pressure operation for several applications, a high-pressure gasifier was built as a process
development unit in 1984. Significant gasification data were obtained in this plant for
gasification of subbituminous coal and lignite up to 450 psig. Data were also gathered in this
unit under steam-air gasification of a bituminous coal with in-situ desulfurization. In support
of several demonstration plant designs, several tests were also conducted in the low-pressure

pilot plant with different design feedstocks.

Thus, the pilot plant has been successfully operated on a variety of coals including highly
caking, high ash, and high sulfur coals. The process has demonstrated its capability to gasify
and produce ash agglomerates from raw coal. The operation of the pilot plant has firmly
established process feasibility; safe, repeatable, and reliable operability; and has provided a
strong data base for the design of larger plants such as the Toms Creek IGCC Demonstration
Project. Successful demonstration of this project will help move the process into the commercial
marketplace.

The Toms Creek IGCC Project also utilizes a hot gas cleanup system consisting of removal of
sulfur-containing gases and particulate from the hot gas. An integrated pilot plant has aiso been
built by Tampella in Finland to test the combination of gasification and hot gas clean-up. This
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plant will be used to test the coal for the Toms Creek Project to provide design and

environmental data.

TOMS CREEK PROJECT TECHNICAL DESCRIPTION
Site and Coal

The greenfield project is developed on a site adjacent to an existing coal preparation plant at
Toms Creek. The existing coal refuse disposal facilities will be utilized for ash disposal. Coal
for the project will be supplied by the Coastal subsidiary who owns the reserves and prepares
the coal. The design coal will be a bituminous, low sulfur (1-1.5% S) coal with a heating value
of 13,400 Btu/lb (HHV, dry). At least two high sulfur coals will also be tested during the
demonstration period. At least one (1) coal will have a free swelling index greater than five (5).

Process

A schematic plant flow sheet is shown in Figure 4. Crushed and dried coal, 430 tons per day
and dolomite are fed through a lock hopper system to the pressurized fluidized-bed gasifier.

The gasification air is supplied by the gas turbine through a booster compressor/heat exchanger
system and the gasification steam is extracted from the steam turbine. Two cyclones are used
for primary particle removal. After exiting the cyclones the product gas is cooled to 1020°F in
a fire tube type evaporating gas cooler, which is connected to the heat recovery steam generator
(HRSG). The external sulfur removal system is located after the gas cooler and as a last step
the ceramic candle filter unit purifies the product gas to meet gas turbine and environmental
requirements. After filtration the product gas of about 130 Btuw/SCF LHY is fed into the gas

turbine.

The gas turbine is equipped with air extraction for gasification and is complete with an electrical
generator to produce 35 MW of electric power and followed by the HRSG. The HRSG supplies
high pressure steam to the steam turbine/generator which is also connected with the pulverized
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coal boiler, which is outside the scope of the demonstration project. The total power produced
by the steam turbine is 176 MW and the total net power delivered to the utility grid is 189 MW.
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Figure 4. Toms Creek Project Flowsheet

Environmental Performance

The Toms Creek plant does not produce any appreciable process waste water streams. The only
solid waste from the plant is a2 mixture of ash and calcium sulfate which is discharged from the
bottom of the gasifier. This is considered a non-hazardous waste and can be utilized in road
construction or disposed in a landfill. It is currently anticipated that the glassified product can
be placed in the adjacent coa! refuse valley, which is part of the coal preparation facility
operation. Air emissions from the plant are anticipated to be well below current requirements,
with SQ, emission of 0.056 Ib/MMBtu, NOx emission of 0.24 1b/MMBtu and particles PM,,
emission of 0.016 Ib/MMBtu.
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PROJECT SCHEDULE

The total duration of the project is eight years. Preliminary design for the process is underway
and the detail design will be carried out during 1993-94. Procurement and manufacturing of
equipment will be done in 1994-95 and field construction is estimated to begin late in 1995. The
demonstration and testing period will take three years beginning in January 1998.
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500 MW WALL-FIRED LOW NOx BURNER DEMONSTRATION

John N. Sorge
Southern Company Services, Inc.
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A L. Baldwin
U. S. Department of Energy
P. O. Box 10940
Pittsburgh, PA 15236

ABSTRACT

This paper discusses the technical progress of a U. S. Department of Energy Innovative Clean
Coal Technology project demonstrating advanced wall-fired combustion techniques for the
reduction of nitrogen oxide (NOx) emissions from coal-fired boilers. The primary objective of the
demonstration is to determine the performance of two low NOx combustion technologies applied
in a stepwise fashion to a 500 MW boiler. A target of achieving 50 percent NOx reductions has
been established for the project. The main focus of this paper is the presentation of the low NOx
burner (I.NB) short- and long-term tests results.
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TABLE OF ABBREVIATIONS

AQOFA Advanced Overfire Air
ASME American Society of Mechanical Engineers
C carbon
CFSF Controlled Flow/Split Flame
Cl chlorine
CO carbon monoxide
DAS data acquisition system
DOE United States Department of Energy
ECEM extractive continuous emissions monitor
EPA Environmental Protection Agency
F Fahrenheit
FC fixed carbon
FWEC Foster Wheeler Energy Corporation
H hydrogen
HHV higher heating value
ICCT Innovative Clean Coal Technology
1b(s) pound(s)
LNB low NOx burner
LOI loss on ignition
(M)Btu (million) British thermal unit
MW megawatt
N nitrogen
NOx nitrogen oxides
0,02 oxygen
psig pounds per square inch gauge
PTC Performance Test Codes
RSD relative standard deviation
S sulfur
SCS Southern Company Services
SOz sulfur dioxide
UARG Utility Air Regulatory Group
VM volatile matter
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INTRODUCTION

This paper discusses the technical progress of one of the U. S. Department of Energy's Innovative
Clean Coal Technology (ICCT) projects demonstrating advanced combustion techniques for the
reduction of nitrogen oxide (NOx) emissions from wall-fired boilers. This demonstration is being
conducted on Georgia Power Company's Plant Hammond Unit 4. a 500 MW, pre-NSPS (New
Source Performance Standards), wall-fired boiler. Plant Hammond is located near Rome,
Georgia, northwest of Atlanta.

This project is being managed by Southern Company Services, Inc. (SCS) on behalf of the project
co-funders: The Southern electric system, the U. S. Department of Energy (DOE), and the
Electric Power Research Institute (EPRI). In addition to SCS, Southern includes the five electric
operating companies: Alabama Power, Georgia Power, Gulf Power, Mississippi Power, and
Savannah Electric and Power. SCS provides engineering and research services to the Southern
electric system. The [CCT program is a jointly funded effort between DOE and industry to move
the most promising advanced coal-based technologies from the research and development (R&D)
stage to the commercial marketplace. The ICCT program sponsors projects that are different
from traditional R&D programs that focus on long range, high risk, high payoff technologies with
the DOE providing the majority of the funding. In contrast, the goal of ICCT projects is the
demonstration of commercially feasible, advanced coal-based technologies that have already
reached the "proof-of-concept" stage. The ICCT projects are jointly funded endeavors between
the government and the private sector in which the industrial participant contributes at least 50
percent of the total project cost.

The primary objective of this demonstration is to determine the long-term effects of commercially
available low NOx combustion technologies on NOx emissions and boiler performance. Short-
term tests of each technology are also being performed to provide engineering information about
emissions and performance trends. Achieving 50 percent NOx reduction using combustion
modifications is the goal of this project. Specifically, the objectives of the project are listed

below:

1. Demonstrate in a logical stepwise fashion the short-term NOx reduction
capabilities of the advanced low NOx combustion technologies including advanced
overfire air (AOFA), low NOx burners (LNB), and LNB with AOFA.

2. Determine the dynamic long-term emissions characteristics of each of these
combustion NOx reduction methods using sophisticated statistical techniques.
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3. Evaluate the progressive cost effectiveness (i.e., dollars per ton NOx removed) of
the low NOx combustion techniques tested.

4. Determine the effects on other combustion parameters (e.g., CO production,
carbon carryover, particulate characteristics) of applying the NOx reduction
methods listed above.

PROJECT DESCRIPTION

The stepwise approach to evaluating the NOx control technologies requires that plant outages be
used to successively install the low NOx burner technologies. Table 1 shows the schedule for the
installation of the equipment and test activities.

Following each outage, a series of four groups of tests are performed. These tests are
(1) diagnostic, (2) performance, (3) long-term, and (4) verification. The diagnostic, performance,
and verification tests consist of short-term data collection during carefully established operating
conditions. The one- to four-hour diagnostic tests are designed to map the effects of changes in
boiler operation on NOx emissions. The ten- to twelve-hour performance tests evaluate a more
comprehensive set of boiler and combustion performance indicators. The results from these tests
include particulate characteristics, boiler efficiency (consistent with ASME PTC 4.1), and boiler
outlet emissions. Coal pulverizer (mill) performance and air flow distribution are also tested. The
verification tests are used to characterize any changes that might have occurred during long-term

testing.
Installation and Test Schedule
Phase Activity Completion
Baseline Install instrumentation 10/89
Diagnostic & performance tests 12/89
Long-term tests 2/90
Verification tests 3/90
AQFA Installation 5/90
Diagnostic & performance tests 8/90
Long-term tests 3/91
Verification tests 2/91
LNB Installation 5/91
Diagnostic & performance tests 8/91
Long-term 1ests 12/91
Verification tests 1/92
LNB + AQFA Diagnostic & performance tests 1/93
Long-term tests 3/93
Verification 3/93

Table 1. Installation and Test Schedule
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As stated previously, the primary objective of the demonstrations is to collect long-term,
statistically significant quantities of data under normal load-dispatched operating conditions with
and without the various NOx reduction technologies. Earlier demonstrations of emissions control
technologies have relied solely on data from a matrix of carefully established short-term (one- to
four-hour) tests. However, boilers are not typically operated in this manner considering plant
equipment inconsistencies and economic dispatch strategies. Therefore, statistical analysis
methods [1] for long-term data have been developed that can be used to determine the achievable
emissions limit or emission tonnage of a control technology. These analysis methods have been
developed over the past fifteen years by the Control Technology Committee of the Utility Air
Regulatory Group (UARG). Because the uncertainty in the analysis methods is reduced with
increasing data set size, UARG recommends that acceptable resuits can be achieved with data sets
of at least 51 days with each day containing at least 18 valid hourly averages.

The demonstration of these low NOx burner technologies requires an on-line data acquisition
system and continuous emissions monitor that collects, formats, calculates, stores, and transmits
data from power plant mechanical, thermal, and fluid processes [2]. This system monitors
emissions of NOx, SOz, Oz, CO, and total hydrocarbons.

UNIT DESCRIPTION

Georgia Power Company's Plant Hammond Unit 4 (Figure 1) is a Foster Wheeler Energy
Corporation (FWEC) opposed wall-fired boiler, rated at 500 gross MW, with design steam
conditions of 2500 psig and 1000/1000°F superheat/reheat temperatures, respectively. The unit
was placed into commercial operation on December 14, 1970. Prior to the LNB retrofit, six
FWEC Planetary Roller and Table type mills provided pulverized eastern bituminous coal (12,900
Btu/lb, 33% VM, 53% FC, 1.7% S, 1.4% N) to 24 pre-NSPS, Intervane burners. During the
LNB outage, the existing burners were replaced with FWEC Control Flow/Split Flame burners.
The unit was also retrofit with four Babcock and Wilcox MPS 75 mills during the course of the
demonstration. The burners are arranged in a matrix of 12 burners (4W x 3H) on opposing walls
with each mill supplying coal to 4 burners per elevation, As part of this demonstration project,
the unit was retrofitted with an Advanced Overfire Air System, to be described later. The unit is
equipped with a coldside ESP and utilizes two regenerative secondary air preheaters and two
regenerative primary air heaters. The unit was designed for pressurized furnace operation but was
converted to balanced draft operation in 1977.

Clean Coal Technology Confarence Proceedings

47



Acoustic __ |
Pyrometers

AOFA Ports

Flow \
Measurement

ZI Superheaters

— Reheater

' Economizer

Test Ports

: p Flue Gasto

Backpressure
Dampers Air Preheater
comb ;’A'r Instrument
usti i
" LowNox |_Reom
Bumers
Boundary .
Air Ports  Automated Data Collection System
' \ . o Continuous Emission Monitor
Coal Feed Pipes o0 Acoustic Pyrometer

o0 Heat Flux Transducers
o Control Room Data

Figure 1. Boiler Schematic

LOW NOx COMBUSTION TECHNOLOGIES

Advanced Overfire Air

Generally, combustion NOx reduction techniques attempt to stage the introduction of oxygen into

the furmace. This staging reduces NOx production by creating a delay in fuel and air mixing

which lowers combustion temperatures. The staging also reduces the quantity of oxygen available

to the fuel-bound nitrogen. Typical overfire air (OFA) systems accomplish this staging by

diverting 10 to 20 percent of the total combustion air to ports located above the primary

combustion zone. AOFA improves this concept by introducing the OFA through separate

ductwork in greater quantities, with more control, and at higher pressures (Figure 2). The

resulting system is capable of providing deep staging of the combustion process with accurate

measurement of the AQFA airflow.
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Figure 2. Advanced Overfire Air System

Low NOx burner systems attempt to stage the combustion without the need for the additional
ductwork and furnace ports required by OFA and AQOFA systems. These commercially available
burner systems introduce the air and coal into the furnace in a well controlled, reduced turbulence
manner. To achieve this, the burner must regulate the initial fuel/air mixture, velocities and
turbulence to create a fuel-rich core with sufficient air to sustain combustion at a severely sub-
stoichiometric air/fuel ratio. The burner must then control the rate at which additional air,
necessary to complete combustion, is mixed with the flame solids and gases to maintain a
deficiency of oxygen until the remaining combustibles fall below the peak NOx producing
temperature (around 2800°F). The final excess air can then be allowed to mix with the unburned
products so that the combustion is completed at lower temperatures. Low NOx burners have
been developed for single wall and opposed wall boilers.

Foster Wheeler Energy Corporation (FWEC) was competitively selected to design, fabricate, and
install the opposed wall, low NOx burner shown in Figure 3 and the AOFA system described
above. In the FWEC Controlled Flow/Split Flame (CFSF) burner, secondary combustion air is
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divided between inner and outer flow cylinders. A sliding sleeve damper regulates the total
secondary air flow entering the burner and is used to balance the burner air flow distribution. An
adjustable outer register assembly divides the burner's secondary air into two concentric paths and
also imparts some swirl to the air streams. The secondary air that traverses the inner path flows
across an adjustable inner register assembly that, by providing a variable pressure drop, apportions
the flow between the inner and outer flow paths. The inner register also controls the degree of
additional swirl imparted to the coal/air mixture in the near throat region. The outer air flow
enters the furnace axially, providing the remaining air necessary to complete combustion. An
axially movable inner sleeve tip provides a means for varying the primary air velocity while
maintaining a constant primary flow. The split flame nozzle segregates the coal/air mixture into
four concentrated streams, each of which forms an individual flame when entering the furnace.
This segregation minimizes mixing between the coal and the primary air, assisting in the staged
combustion process. The adjustments to the sleeve dampers, inner registers, outer registers, and
tip position are made during the burner optimization process and thereafter remain fixed unless
changes in plant operation or equipment condition dictate further adjustments.

- Perforated Plate Air Hood
Ignitor . ==

e

i
Outer Register > "‘>< Movable Sleeve

Inner Register r

. Spm Flame Coal Nozzle
N . (Variable Veloclty)

/
/
. | I'Im

Figure 3. Low NOx Burner Installed at Plant Hammond
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RETROFIT REQUIREMENTS

\d { Overfire Air Retrofi

During April 1990, the AOFA system was installed at the demonstration site. The majority of
the work was performed during the scheduled four-week outage starting April 5, 1990, with only
insulation, handrails, and controls setup work left for on-line completion. During the outage, the
construction subcontractor worked two, ten-hour shifts per day, six days per week. Radiography
was performed on all pressure welds between the night and morning shifts. At peak work levels,
the construction subcontractor employed approximately 130 craft personnel. However, very early
in the outage, a shortage of certified craft personnel became evident. This shortage, which was a
result of several concurrent boiler outages at other sites in the area, created scheduling difficulties
throughout the outage.

LNB Retrofit

The new LNBs were installed during a seven week outage starting March 8, 1991, and
continuing to April 28, 1991. Prior to the outage, rigging was installed, access pathways were
formed, and when possible, insulation and lagging were removed. As would be the case with
any work of this nature, installation of the new FWEC burners was far from simple. Although
no pressure part modifications were required, complicating factors included limited boiler
access, craft labor shortages, the presence of asbestos, unacceptable levels of arsenic in the
boiler, and the requirement to coordinate with the many other work activities occurring at the
plant during a major outage. Thirty craft personnel were involved in the retrofit, working a
single, ten-hour shift, six days a week for four weeks and two, ten-hour shifts, six days a week
for the remaining three weeks.

Operating performance of the low NOx burners is dependent on a number of plant operating
parameters such as primary air/fuel ratios, secondary air distribution, primary air velocities, and
coal properties and therefore these burners must be "tuned" for the particular boiler application.
Optimization of the burners for NOx reduction was performed by FWEC personnel during a
three week period in June. The optimization required that the unit be taken out of economic
dispatch and run at full-load for much of the optimization period. After balancing the secondary
air flows, the burner optimization process was accomplished by adjusting the inner registers,
outer registers, slide nozzles, and sleeve dampers while monitoring NOx, Oz, and CO at the
economizer outlet using the ECEM and DAS. When possible, burner adjustments of the same
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class (the classes being inner register, outer register, slide nozzle, and sleeve damper) were
moved in unison to a nominal, optimized position. Only when flow and/or combustion

irregularities dictated, were individual dampers adjusted from this nominal position,
RESULTS DISCUSSIONS

Baseline Testing Summary

Baseline tests at Plant Hammond were completed in March 1990. A summary of the baseline
long-term test results is shown in Table 2. During baseline testing, 52 days of long-term data
were collected producing an average NOx emission level of 1.12 Ib/MBtu. Figure 4 shows that
NOx emissions increased with load and ranged from 0.9 to 1.3 Ib/MBtu. The bands about the
mean represent the 95 percentiles of the data set and show the variability of NOx emissions during
long-term operation.

AOFA T mm

Advanced overfire air tests at Plant Hammond (with the pre-NSPS Intervane burners still in
operation) were completed in March 1991. A summary of the long-term test results is shown
along with the baseline results in Table 2. During AOFA testing, 86 days of long-term data were
collected for which the average NOx emission level was 0.92 1b/MBtu. This represents an 18
percent reduction in average NOx emissions from baseline conditions. As compared to the
baseline characteristic, NOx emissions were not highly dependent on load during the AOFA test
phase (Figure 5).

LLNB Test Summary

L.ow NOx burner tests at Plant Hammond were completed in January 1992. For this phase, the
unit was operated without the AOFA system so that the incremental impact of the LNBs could be
determined. As shown in Table 2 and Figure 6, 94 days of long-term data were collected for
which the average NOx emission level was 0.53 1b/MBtu and the full load (480 MW), mean, NOx
emission level was 0.65 Ib/MBtu. NOx emissions generally increased with load, however below
approximately 250 MW, the converse was true. Although a small percentage (less than 5 percent)
of the total combustion air was admitted into the furnace through the AOFA ports to cool the
AOFA dampers, preliminary results indicate that this cooling air did not significantly affect NOx

emissions.
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LNB+AOFA Test Summary

Comprehensive testing of the LNBs in conjunction with AOFA is scheduled to start in fall 1992.
However, in order to provide preliminary data, abbreviated testing (short- and long-term) of the
LNB+AOQFA configuration was performed at Plant Hammond from February to March 1992,
during which approximately one week of long-term data was collected. As shown in Figure 7,
long-term NOx emissions were somewhat independent of load above 275 MW. However, below
this load, NOx emussions increased rapidly. The decrease in effectiveness of this configuration at
low loads is the result of the operating procedures calling for the closure of AOFA dampers below

300 MW,
Unit Configuration Baseline AOFA LNB

Mean RSD.% Mean RSD.% Mean RSD.%
Number of Daily Averaged Values 52 86 - 94 -
Average Load (MW) 407 94 386 179 305 177
Average NOx Emissions (Ib/MBtu) 1.12 93 0.92 86 0.53 13.7
Average O2 Level (percent at stack) 58 1.7 7.3 126 84 77
NOx 30 Day Achtevable Emission Limit (IbYMBtu) 1.24 - 1.03 - 0.64 -
NOx Annual Achievable Emission Limit (Ib MBtu) 1.13 - 0.93 - 0.55 -

Table 2. Long-Term NOx Emissions
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Figure 4. Baseline Long-Term NOx Emissions

Clean Coal Technology Conference Proceedings

4-13




1.60
Phase 2 - AOFA
Complete Data Set

95th Percentile

A

OO OO 0700 Mean
NOx,

imBtu 80 | N~ TN

5th Percentile

1.20 1

0.40 1

0.00 ; . ' '
100 200 300 400 500 600
Load, MW

Figure 5, AQFA Long-Term NOx Emissions
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Figure 6. LNB Long-Term NOx Emissions
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Figure 7. LNB+AQOFA Long-Term NOx Emissions (Preliminary)
Data Comparison

Figure 8 compares the baseline, AOFA, LNB and LNB+AOFA short- and long-term NOx
emissions data. AOFA and LNBs provide a long-term, full load NOx reduction of 24 and 48
percent, respectively.  Although the abbreviated long-term testing of the LNB+AOFA
configuration performed to date does not provide sufficient data to fully characterize NOx
emissions at full-load, the incremental percent NOx reduction of the combined LNB+AOFA
system above LNB alone has averaged less than 10 percent over the load range. As shown, long-
term emission levels can be significantly different than that indicated by short-term tests,

Flyash loss-on-ignition (LOI) values increased significantly for both the AOFA, LNB and
LNB+AQFA test phases (Figure 9). LOI measurements for the baseline, AOFA, and LNB test
segments were made during each performance test using EPA's Method 17 at the secondary air
heater outlet. High volume sampling was used for the abbreviated LNB+AQOFA phase. Mill
performance was generally better in both the AOFA, LNB, and LNB+AOFA test phases than
during baseline (Table 3). This improvement in mill performance was the result of the plant's
ongoing mill maintenance program and the installation of the new mills.
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Figure 8. NOx Emissions Comparison
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Figure 9. Flyash Loss-On-Ignition Comparison
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Mill Performance at Full Load

Mill Coal Flow Weighted Averages

Phase Left on 50 Mesh Passing 200 Mesh
Percent Percent

Baseline 2.8 63.0
AQFA, 26 66.5
LNB 1.3 66.5
LNB+AOFA1 1.3 73.6
TPreliminary

Table 3. Mill Performance at Full Load

An important segment of the test program is to determine the impact of the low NOx combustion
Boiler efficiency testing is performed as part of the
performance tests an